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ABSTRACT 

Before disposing of transuranic radioactive waste in the Waste Isolation Pilot Plant (WIPP), the United States 
Department of Energy (DOE) must evaluate compliance with applicable long-term regulations of the United States 
Environmental Protection Agency (EPA). Sandia National Laboratories is conducting iterative performance 
assessments (PAS) of the WIPP for the DOE to provide interim guidance while preparing for a final compliance 
evaluation. This volume of the 1992 PA contains results of uncertainty and sensitivity analyses with respect to 
migration of gas and brine from the undisturbed repository. Additional information about the 1992 PA is 
provided in other volumes. Volume 1 contains an overview of WIPP PA and results of a preliminary comparison 
with 40 CFR 191, Subpart B. Volume 2 describes the technical basis for the performance assessment, including 
descriptions of the linked computational models used in the Monte Carlo analyses. Volume 3 contains the 
reference data base and values for input parameters used in consequence and probability modeling. Volume 4 
contains uncertainty and sensitivity analyses with respect to the EPA’s Environmental Standards for the 
Management and Disposal of Spent Nuclear Fuel, High-Level and Transuranic Radioactive Wastes (40 CFR 191, 
Subpart B). Finally, guidance derived from the entire 1992 PA is presented in Volume 6. 

Results of the 1992 uncertainty and sensitivity analyses indicate that, conditional on the modeling 
assumptions and the assigned parameter-value distributions, the most important parameters for which uncertainty 
has the potential to affect gas and brine migration from the undisturbed repository are: initial liquid saturation in 
the waste, anhydrite permeability, biodegradation-reaction stoichiometry, gas-generation rates for both corrosion 
and biodegradation under inundated conditions, and the permeability of the long-term shaft seal. Gas and brine 
migration are less sensitive to other parameters, although additional information is needed to confirm that the 
preferred conceptual models and assigned parameter distributions adequately describe reality. 
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PREFACE

The Preliminary Performance Assessment jor the Waste Isolation Pilot Plant, December
1992 is currently planned to consist of six volumes. The titles of the volumes are listed below.
All analyses reported in the 1992 Preliminary Performance Assessment, including those described
in this volume, are based on computer modeling of disposal-system performance that was
completed in November 1992.

This report is the fifth in a series of annual reports that document ongoing assessments of
the predicted long-term performance of the Waste Isolation Pilot Plant (WIPP); this
documentation will continue during the WIPP Test Phase. However, the Test Phase schedule and
projected budget may change; if so, the content of the 1992 Preliminary Performance Assessment
report and its production schedule may also change.

Volume 1: Third Comparison with 40 CFR 191, Subpart B

Volume 2: Technical Basis

Volume 3: Model Parameters

Volume 4: Uncertainty and Sensitivity Analyses for 40 CFR 191, Subpart B

Volume 5: Uncertainty and Sensitivity Analyses of Gas and Brine Migration for
Undisturbed Performance

Volume 6: Guidance to the WIPP Project from the December 1992 Performance
Assessment

ix
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The Waste Isolation Pilot Plant (WIPP) is planned as a research and development facility to demonstrate the

safe disposal of transuranic (TRU) wastes generated by defense programs of the United States Department of

Energy (DOE). Before disposing of waste in the WIPP, the DOE must evaluate compliance with applicable long-

term regulations of the United States Environmental Protection Agency (EPA), including 40 CFR 191, Subpart B

(Environmental Standards for the Management and Disposal of Spent Nuclear Fuel, High-Level and Transuranic

Radioactive Wastes, Final Rule [U.S. EPA, 1985]) and 40 CFR 268.6 (Petitions to allow land disposal of a waste

prohibited under Subpart C of Part 268 [U.S. EPA, 1986]), which is the portion of the regulations implementing the

Resource Conservation and Recovery Act (RCRA) that states the conditions for disposal of specified hazardous

wastes. Performance assessments (PAs) will form the basis for evaluating compliance with all applicable long-term

regulations of the EPA. The WIPP Performance Assessment (PA) Department of Sandia National Laboratories

(SNL) is performing iterative preliminary PAs to provide guidance to the Project while preparing for final

compliance evaluation. Previous preliminary PAs for 40 CFR 191, Subpart B, have been documented for 1990

(Bertram-Howery et al., 1990; Rechard et al., 1990; Helton et al., 1991) and 1991 (WIPP PA Division, 1991 a,b,c;

Helton et al,, 1992).

1.1 Purpose of Volume 5

This volume describes uncertainty and sensitivity analyses of gas and brine migration for undisturbed

performance only (i.e., without a breach of the reposito~ by human intrusion). The volume is part of a set

documenting the 1992 preliminary PA, and is not intended to provide a stand-alone description of the WIPP or of

the compliance-assessment modeling system. Some essential information from other volumes of the 1992 PA is

repeated here as necessary, but in general, cross-references are given throughout to more complete discussions

elsewhere. Volume 1 of the 1992 PA provides an overview of the 1992 preliminary comparison with 40 CFR 191,

Subpart B. Volume 2 describes the technical basis for the compliance assessment modeling system, including

conceptual model development, probability modeling, and consequence modeling. Volume 3 compiles model

parameters, constructs cumulative distribution functions (CDFS), and discusses their derivation from the pertinent

data of disposal-system characterization. Uncertainty and sensitivity analyses specifically related to 40 CFR 191,

Subpart B, (including analyses of consequences of human intrusion) are contained in Volume 4. Volume 6 contains

guidance to the WIPP Project derived from the entire 1992 PA. Similar analyses of undisturbed performance based

on simulations completed earlier in 1992 are documented elsewhere (WIPP PA Department, 1992).

Analyses of undisturbed performance are of interest for both the Individual Protection Requirements ($ 191. 15)

of 40 CFR 191 and 40 CFR 268.6. As discussed in Volume 4 of this report, brine migration is of interest for 40

CFR 191 because of the potential for radionuclide transport in the liquid phase. Both gas and brine migration are of

interest for 40 CFR 268.6 because of the potential for transport of regulated hazardous constituents in both gas and

brine phases. However, the preliminary results reported are intended to provide interim guidance to the WIPP

Project as it develops a compliance strategy for 40 CFR 268.6, and should not be used as the basis for regulatory

decisions. The modeling system and data base remain incomplete, and one potentially important process, the

pressure-dependent fracturing of anhydrite interbeds above and below the waste-emplacement region, has not been

included in the 1992 PA. Furthermore, transport of radionuclides and heavy metals in brine and volatile organic

compounds in gas is not modeled. Performance measures described here apply only to the migration of the fluid
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1 phases and do not provide information about potential concentrations of contaminants within the fluids. If

2 additional analyses of gas and brine migration continue to show a potential for gas migration beyond regulatory

3 boundaries, a compliance determination for 40 CFR 268.6 will be based on evaluations of hazardous constituent

4 concentrations using expanded data bases and more detailed computational models.

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

1.2 Requirements of 40 CFR 268.6

The Land Disposal Restrictions (40 CFR 268) regulate disposal of specified hazardous wastes. For the WIPP,

hazardous constituents mixed with the radioactive transuranic waste can include solids such as lead and other heavy

metals, and semivolatile and volatile organic compounds (VOCS) as residual liquids sorbed on waste materials or as

gases associated with the waste in waste containers. A detailed inventory of the 40 CFR 268 contaminants

anticipated for the WIPP is not available at this time, but a preliminary list of anticipated hazardous constituents

were documented in the Waste Isolation Pilot Plant No-Migration Variance Petition (DOE, 1990). The

Environmental Protection Agency (EPA) subsequently issued the Conditional No-Migration Determination for the

Department of Energy Waste Isolation Pilot Plant (WIPP), which mandated waste characterization requirements for

the WIPP Test Phase and recommended waste characterization data needs in support of any long-term performance

assessment. Methods of sampling and analysis for volatile and semivolatile constituents have been developed for

headspace gases (DOE, 1991a) and additional methods for analysis of hazardous constituents in homogeneous solid

waste forms are under development as part of the Waste Characterization Program Plan for WIPP Experimental

Waste (DOE, 1991 b).

In general, 40 CFR 268 prohibits the disposal of hazardous wastes unless the owner or operator of the facility

petitions for a variance and successfully demonstrates “to a reasonable degree of certainty, that there will be no

migration of hazardous constituents from the disposal unit or injection zone for as long as the wastes remain

hazardous” or the waste is treated in accordance with applicable standards (40 CFR 268.6 (a), U.S. EPA, 1986).

General guidance provided by the EPA on the interpretation of this wording indicates that “no migration” will be

defined to be concentrations of hazardous constituents below health-based or environmentally based levels at the

disposal-unit boundary (U.S. EPA, 1992). Following guidance from the EPA (U.S. EPA, 1990a, p. 13073) the SNL

WIPP PA Department has assumed for the purposes of these analyses that the length of the regulatory period is

10,000 yr.

1.2.1 Status of WIPP Compliance with 40 CFR 268.6

In response to a no-migration variance petition from the DOE (U.S. DOE, 1990a) the EPA issued a conditional

no-migration determination (U.S. EPA, 1990b) allowing the emplacement of a limited amount of transuranic mixed

waste in the WIPP for experimental purposes during the Test Phase (U.S. DOE, 1993). However, as the EPA states

in the supplementary information included with the no-migration determination “[b]efore DOE may move from the

test phase to full-scale operations, it must petition EPA again and demonstrate no migration over the long term, that

is, it must successfully address current uncertainties about long-term WIPP performance” (U.S. EPA, 1990b, p.

47704). Long-term uncertainties specifically identified by the EPA include “the extent and effects of gas

generation, the effects of brine inflow into the repository, and the influence of a ‘disturbed rock zone’ surrounding

the mined repository” (ibid.).
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1.2.2 The40CFR 268 Disposal Unit

The “disposal unit” for the WIPP as applied to 40 CFR 268,6 (RCRA) is defined to include the entire volume of

the Salado Formation from top to bottom within the 4 I km2 ( 16 mi2) WIPP land-withdrawal area (U.S. DOE,

1990b) (Figure 1-l ). The SNL WIPP PA Department assumes for the purpose of PA modeling that the disposal-unit

boundaries will remain unchanged for long-term performance. The RCRA disposal unit contains a smaller volume

than that contained within the boundary of the accessible environment used in preliminary comparisons with 40

CFR 191, Subpart B (see Section 3.2 of Volume I of this report). As is the case for radionuclides regulated under

40 CFR 191, migration of hazardous constituents is allowed into the Salado Formation within the land-withdrawal

area, Unlike the requirements of 40 CFR 191, however, migration of hazardous constituents into the Rustler

Formation and other overlying strata within land-withdrawal area constitutes a potential violation.

11 1.2.3 Human Intrusion and 40 CFR 268.6

12 The extent to which estimates of the consequences of human intrusion will be required for long-term

13 compliance evaluations has not been determined. The EPA has determined that human intrusion need not be

14 considered for the Test Phase, and describes it as a Iong-term issue to “be addressed at the time a petition is

15 considered for permanent disposal” (U.S. EPA, 1990b, p. 47720). Consideration of inadvertent human intrusion is

16 required for compliance with 40 CFR 191, Subpart B, and analyses of the consequences of intrusion during

17 exploratory drilling for hydrocarbons are described in detail in Volumes 1 and 4 of this report.
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1.3 PA Methodology

Analyses have been performed using the Monte Carlo methodology and modeling system described in detail in

Volume 2 of this report. In keeping with the requirement in 40 CFR 191.13 for probabilistic estimates of

performance and a consideration of uncertainty in the results, this methodology relies on multiple realizations using

deterministic models of physical processes and a Latin hypercube sampling (LHS) strategy to incorporate

uncertainty for input parameters. Values for selected parameters are described by a range and distribution based on

available data, and each simulation uses a separate input vector of sampled values drawn from the assigned

distributions. The methodology is well suited for conducting uncertainty and sensitivity analyses that provide

quantitative and qualitative insights about the potential variability in model results caused by uncertainty in specific

input data (Helton et al., 1991, 1992; Hekon, 1993). Sensitivity analysis techniques and methods for displaying

their results have been summarized by Helton et al. ( 1991). ScatterPlots and stepwise linear regression analyses are

used in this volume to evaluate model sensitivity to uncertainty in sampled parameters.

Analyses described in this volume have been performed using the same modeling system and same vectors of

sampled input parameters used for the analyses described in other volumes of the 1992 PA. As discussed in Chapter

3, selected parameters have been changed from the previous simulations to examine specific aspects of the disposal-

system, such as shaft-seal system performance. Because these analyses are otherwise unchanged fkom those

reported in Volume 4, direct comparisons may be made between specific realizations.

35
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Figure 1-1. Artist’s concept of the WIPP disposal system, showing the boundaries of the 40 CFR 268 disposal unit.

Boundaries of the accessible environment as defined by 40 CFR 191, Subpart B, are shown for

comparison. The scale of the repositoryfshaft system is exaggerated.
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All analyses reported in this volume use a two-dimensional representation of the repository and surrounding

strata as a vertical, north-south cross-section (described in detail in Chapter 2). This geometry is similar to that used

in the analyses of undisturbed performance reported in Chapter 4 of Volume 4 of this report, differing only in the

representation used for the shaft-seal system. Model stratigraphy is unchanged, and flow of both gas and brine is

simulated in lithologies within the Salado Formation including halite, anhydrite Marker Beds 138 and 139, and

anhydrite interbeds a and b (combined into a single model unit, anhydrite a + b) (Figure I -2), as well as in the

excavated regions of the repository and the overlying Rustler Formation (represented in the simplified model

geometry only by the Culebra Member) (Figure 1-3).

Variations of the modeling system are used to simulate three separate cases: one in which the total volume of

all four existing shafts is combined into a single shaft with the total cross-sectional area and the four-shaft-

equivalent volume (as was done in Volume 4 of this report); a second case in which the volume and cross-sectional

area of only a single shaft was modeled; and a third case using the four-shaft-equivalent-volume geometry in which

the dynamic creep closure model was not used, and instead the waste-emplacement regions were assumed to have

closed to a final porosity before gas-generation began. The first case represents the PA Department’s preferred

conceptual model for the behavior of the repository/shaft system. The second case was examined to simulate flow

under conditions where only one shat? functioned as a migration pathway. The third case, analogous to cases

analyzed in Volume 2 for human intrusion scenarios, was analyzed to provide insight into the effect of including

dynamic creep closure on disposal-system performance.
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Figure 1-3. Proposed WIPP repository, showing transuranic-waste emplacement regions and location of the shafis.
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1 2. MODEL DESCRIPTION

2 This chapter contains descriptions of the geometry, boundary conditions, and initial conditions for the

3 repository model used in these simulations, as well as a brief discussion of the approach used to incorporate

4 dynamic creep closure of the repository into the analysis. In general, the conceptual and computational models used

5 to simulate the disposal system are essentially unchanged from those used in the previous volumes of the 1992 PA,

6 and therefore much of the discussion has not been repeated here. Parameter values used to characterize the various

7 components within the model are described in Chapter 3.
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2.1 Conceptual Model for the Repository

The conceptual model used for the repository includes gas generation by corrosion of iron and microbial

degradation of cellulosic waste; pressure-dependent two-phase (brine and gas) Darcy flow in the repository and the

surrounding strata; development of a disturbed rock zone (DRZ) around the excavated area before the repository is

sealed; dynamic pressure-dependent closure of the waste-emplacement region by halite creep atler the repository is

sealed; isolation of the waste by both panel and shaft seals; and possible fluid migration from the waste through

anhydrite interbeds above and below the emplacement region and through the panel- and shaft-seal systems. Brine

is assumed initially (i.e., before development of the DRZ) to fill the pore space in all strata surrounding the

repository. Pressure-dependent fracturing of anhydrite interbeds as a result of gas generation is not yet included in

the conceptual or computational model, but will be included in future PAs. Discussions of the other processes

included in the conceptual model can be found in previous volumes of this report, together with extensive

references to primary documents: gas generation is described in Sections 1.4.1 and 3.3 of Volume 3; two-phase

flow is described in Section 7.2 of Volume 2; properties of the strata around the repository and the DRZ are

described in Section 2.3.1 of Volume 2 and Chapter 2 of Volume 3; development of the DRZ and closure by halite

creep is described in Chapter 4 of Volume 4; the panel- and shaft-seal systems are described in Section 2.3.2 of

Volume 2 and Section 3.2 of Volume 3; and migration pathways are described in Section 4.2.3.1 of Volume 2.

2.2 Computational Model for the Repository/Shaft System

Analyses reported in this volume do not include radionuclide transport or human intrusion, and therefore the

computational model for the repository/shaft system uses only two of the computer codes described in previous

volumes, BRAGFLO and SANCHO. BRAGFLO (WIPP PA Division, 1991 b) simulates gas generation and two-

phase flow in the entire model domain, and is described in Appendix A of Volume 2 of this report. SANCHO

(Stone et al., 1985) is a finite-element program for the quasistatic, large deformation, inelastic response of two-

dimensional solids, and is used to simulate halite creep. The implementation of SANCHO results in BRAGFLO, in

terms of emplacement-room porosity as a function of pressure, is described in Chapter 4 of Volume 4.
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The mesh used in the BRAGFLO simulations attempts to incorporate radial flow phenomena at large distances

ffom the repository and to include the full accessible volume available for multiphase flow. Time and cost

constraints currently preclude a full three-dimensional representation of the repository and surrounding strata, so a

two-dimensional approximation to the actual geometry was made. In reducing the three dimensions to two, certain

measures were preserved. The single most important measure is the volume of various regions. In constructing the

mesh (Figure 2-1 ), the full initial excavated volumes of all excavated regions were preserved. This includes the

repository, the drift seals and drift backfill, the shatl, and the experimental region. In addition, the volume of the

formations surrounding the repository and other excavated regions could be preserved. In order to include the true

volumes of each of these regions, but still reduce the dirnensionality to two, other measures had to be compromised.

Which of these were preserved and which were compromised in some fashion determined how the mesh was

constructed.

The mesh was developed as follows. The repository was modeled as a single large room, with a volume the

same as currently planned for the entire waste disposal region, including all rooms and drifts. The initial excavated

height, 3.96 m, was preserved. This was desirable because the creep closure treatment is based on porosity changes

in a newly excavated and filled room. The height of the room, along with its initial porosity, is one of the few

features that can be maintained identically between the original salt creep model done using SANCHO and the

model as implemented in BRAGFLO. (This is described briefly in Section 2.1 and in more detail in Section 4.2.2.2

in Volume 4 of this report). It was also considered desirable to preserve the overall length in the north-south

direction (847 m). This distance was somewhat arbitrary; it represents a compromise in the maximum distance that

contaminated brine must flow from one end of the repository to the access drifts leading to the shaft. In the true

repository configuration, some brine could flow a greater distance (e.g., starting from the far southwest comer of the

southwest panel). On the other hand, some of this brine is already at the drift seals leading to the shaft, so some

compromise was necessary. Having fixed the volume, height, and length of the repository, the east-west dimension

must be 131.7 m.

The dimensions of the other excavated regions were established in a similar fashion. The distance from the

north end of the repository to the nearest shaft (the Waste Shaft) was maintained at 332 m. The height of the access

drifts, as well as of the experimental region, was fixed at the same initial excavated height of the waste-disposal

region to simplify the mesh. In reality, access drifts and experimental rooms vary in height fi-om about 3.7 to 4.9 m.

Having specified the length, height, and volume of the sealed and backfilled access drifls, the width of that region

was fixed at 30.35 m, which was approximately the combined widths of the four north-south drifls. Similarly, the

distance from the Waste Shaft to the northernmost end of the experimental region was preserved at561 m, so the

east-west width of that region is 49.5 m.

In the base case, the shatl is a composite of the four existing shafts. The volume of the four combined shafts

was preserved, and the height was set by the stratigraphy. The horizontal cross-sectional area was therefore the sum

of the cross-sectional areas of the four shatls, 94.9 m2. It seemed most reasonable to model the shaft as having a

square cross section, although the shape is not likely to be important. Thus, the shafl is modeled as a square column

9.74 m on each side. The portion of the shafl below the Rustler Formation but above the shatl seal is referred to as

the lower shaft. The upper shaft, above the Culebra, is not modeled here.

40
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This completely specifies the sizes and shapes of the excavated regions. The next step was to build the mesh

surrounding these regions. The objective was to include at any given horizon the entire accessible pore space as far

as the mesh extended, that is, to include the pore volume in the east-west direction to the same extent as in the

north-south direction. In a plan view at the repository horizon, Figure 2-2, this is done by including volume east

and west of the excavated region in the volume of grid cells to the north and south of the excavated regions.

If the model were radially symmetrical, this would be easily accomplished by requiring that the east-west

dimension, or Ay, be equal to 2m-, where r is the radial distance from the axis of symmetry. Voss ( 1984) shows that

when Ay is varied in this manner using rectilinear geometry, the results are exactly equivalent to solving a true

radial problem. This geome~ was used in the WIPP PA for human intrusion scenarios, as described in Volumes 2

and 4 of this report. Unfortunately, the geometry that has to be used in the undisturbed scenario is not radially

symmetrical. It is not clear how the mesh should be “flared” in the Ay-direction at each end of the excavated

regions in order to mimic radial symmetry with complete accuracy, if indeed it can be done rigorously. The

procedure used in the current calculations essentially divides the excavated regions in two along a vertical east-west

plane. Then layers of thickness Ax are “unwrapped” from the outside of the excavated region. The total length of

each unwrapped layer becomes the Ay corresponding to that grid cell. Figure 2-3 illustrates this unwrapping. At a

given elevation, a layer in the vertical direction of thickness AZ and horizontal north-south width Ax includes the

volume of a segment with cross section AXAZboth from the east side and the west side of the excavated region.

An example will help clarify the procedure. The first grid block south of the repository, Cell 8, is ~g = 1 m

long in the north-south dimension (Figure 2-3). In the east-west direction, the dimension Ay8 is the sum of the

lengths of five segments: 8S, 8E, 8W, 8NE, and 8NW. The first segment (8S in Figure 2-2) is the east-west width

of the repository, 131.7 m. The second is the length of a Ax8-thick segment, 8E, that extends along the entire east

side of the repository, plus 2@3, or 848.7 m. The third segment, 8NE, wraps around the north end of the

repository, ending at the seals and backfill regions, for a length of 50.7 m. The fourth and fifih segments, 8W and

8N W, are duplicates of the second and third, respectively, except that they wrap around the west side of the

repository. Thus, the total width of Cell 8 after it is unwrapped is Ay8 = 131.7 + 2(848.7 + 50.7) = 1930.5 m. For

Cells 7,6, and 5, Ay is evaluated in exactly the same manner. Because the same process is carried out at the north

end of the mesh, the segments along the east and west sides of the repository will eventually run into the line

dividing the north and south ends of the mesh, and will no longer wrap around the north end of the repository. Only

Cells 5-8 will wrap around the north end of the repository. Beginning with Cell 4, the segments along the east and

west sides of the repository (before being unwrapped) now intersect the north-south midpoint of the mesh, but

otherwise each Ay is evaluated the same as for Cells 5-8. Thus, all of the volume of the strata surrounding the

excavated regions is included in the mesh. This representation is not strictly equivalent to cylindrical geometry, but

is reasonably accurate at large distances from the repository. Very near the repository, this representation requires

all flow to go past the end of the repository, rather than through the sides, producing some loss of accuracy.

This two-dimensional approximation to three-dimensional geometry will be necessary until full three-

dimensional simulations become technically and economically feasible. It is doubtful that the fiIll suite of PA

simulations can ever be carried out in three dimensions. However, a more limited set will necessarily be done in

three dimensions to confirm the approximations used in the two-dimensional calculations. A fast, robust, iterative

solver combining a conjugate gradient preconditioned with a multigrid solution algorithm is being adapted to

BRAGFLO. Together with newer machines that are more than an order of magnitude faster that those currently

used, full three-dimensional simulations should be more practical by next year.
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Boundary conditions were the same as in all previous BRAGFLO calculations done for PA: there was no flow

in the normal directions across all far-field boundaries except the lateral boundaries of the Culebra, where the initial

pressure of 1.053 MPa was held constant throughout the simulations. Initial far-field pressure in the Salado

Formation was varied hydrostatically from the sampled value for pressure in MB 139. This resulted in a pressure

discontinuity at the boundary between the Salado and the Culebra that had little effect on fluid flow because of the

low permeability of the halite.

Initial conditions were treated the same as for the undisturbed performance calculations discussed in Volume 4

of this report. Rather than simply specifying uniform pressures and saturations in each region at time zero, spatially

varying initial conditions were computed over a 50-yr operational or disposal period. This enabled more realistic

pressure and saturation distributions to be established in the formations surrounding the repository at the time when

the repository is sealed. The procedure used to calculate initial conditions will be summarized here; a more detailed

description can be found in Section 4.3 of Volume 4.

During the disposal phase of the WIPP, brine will seep in continually from the surrounding formations,

reducing the pressure in the vicinity of the excavated regions. Water in the brine will evaporate into the well-

ventilated atmosphere of the excavations or will be pumped out if it accumulates anywhere. Thus, the formations

surrounding the excavations will be dewatered and depressurized during the operation. By modeling the time

between excavation and decommissioning explicitly, the conditions at decommissioning (time zero) will be much

more realistic. In the absence of this calculation, certain unrealistic results are obtained. Foremost among these is

the large quantity of brine that immediately drains into excavated regions, in particular the waste, owing to the large

pressure gradient between the initially pressurized surrounding formations and the atmospheric excavations.

Because brine will be continuously removed during the time each panel is open, it would be incorrect to assume that

it is still available to react with waste components to produce gas. When this brine is assumed to react with waste

the result is erroneously large estimates of gas generation and inaccuracies in the predicted interaction of gas

generation and brine and gas flow throughout the modeled region.

The duration of the disposal phase of the WIPP was assumed to be 50 yr. This maybe excessively long for this

calculation even if it is an accurate estimate of the duration of the disposal phases because panels will be excavated

as needed, not simultaneously, and will be scaled after only a few years. Therefore, only a portion of the excavation

is open to the atmosphere at any given time. However, the initial condition calculation does not appear to be highly

sensitive to the duration. Most of the depressurization and drainage occurs during the first 20 yr, the duration used

in the disturbed performance assessment. A longer duration was used in the undisturbed performance assessment to

be consistent with the longer duration of the disposal phase when considering the entire repository instead of a

single panel.

The important features of this 50-yr disposal phase or initial condition calculation areas follows. At the

beginning of this calculation, pressure in the shaft, drifts, waste, and experimental region are atmospheric (O.101

MPa) and fully gas-saturated. In all other regions, the pressure is hydrostatic relative to the pore pressure in

MB 139, which is sampled from a range of 12 to 13 MPa. These regions are assumed to be fully brine-saturated. So

far, this is how previous PA calculations started at time zero; now they are starting at -50 yr. Atler 50 yr (i.e., at

time zero when the disposal region is sealed), pressure in the waste is reset to atmospheric from the calculated value
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(in most realizations very slightly above atmospheric), and the brine saturation in the waste is set to its sampled

value. Any brine in the waste in excess of the sampled saturation is ignored, simulating its disappearance by

evaporation or pumping. In all other excavated regions, the brine saturation is set to 1.0, and the pressure is reset to

atmospheric. (A hydrostatic gradient would be more accurate, but because of the high permeability of these regions,

this is achieved very quickly and much more conveniently in the course of the calculations atler time zero.) The

permeability of each region is reset at this time. Excavated regions were originally given a very high permeability

(1.0 x 10-10 m2) and a porosity of 1.0 to simulate cavities. At time zero, these regions take on different

characteristics, becoming seals or backfill, each with different permeabilities and porosities, as described in

Section 3.

The DRZ receives special treatment. The porosity of the DRZ is assumed to increase at time zero from the

porosity of intact halite to the porosity of the highly ffactured disturbed zone. One of the more important objectives

of this initial condition calculation is to account more accurately for mobile brine content of the DRZ. In previous

PA calculations, the DRZ was assumed to be fully saturated at time zero, with a relatively large permeability. This

allowed large quantities of brine to drain from the DRZ into the waste, providing much of the brine source for gas

generation. The current initial condition calculation recognizes that much of this brine will have been removed

during the disposal phase of the WI PP. Therefore, when the porosity of the DRZ increases at time zero, the brine

volume is held constant, and the additional pore volume is filled with gas. The pressure in the DRZ, already very

close to atmospheric, is set to atmospheric (O.101 MPa) to preclude any gas drive from being artificially created

when the DRZ porosity is changed. Such a gas drive could force an immediate and unrealistic surge of remaining

DRZ brine into the waste.

The calculations proceed from this calculated initial condition for the 10,OOO-yr performance period. The most

important effect of these more realistic initial conditions is that less brine will flow into the excavated regions

(including the waste), because the initial “surge” of brine that occurs upon excavation has been eliminated, and the

pressure gradients in the immediate vicinity of excavations have been greatly reduced.

At time zero, waste is assumed to have some initial brine saturation that is available for waste degradation.

This is a sampled parameter, ranging from 0.0 to 0.14. When it arrives at the WIPP, waste is expected to contain

some small quantity of free liquid. For BRAGFLO simulations, this liquid is assumed to be Salado brine; its actual

composition is unknown. The actual liquid content, or saturation, is also unknown. In 1991, the initial brine

saturation was varied from 0.0 to 0.276. The maximum (0.276) is the assumed residual brine saturation of the waste

(WIPP PA, 1991 c). In the absence of real data, residual saturation was selected as the maximum liquid that the

waste could contain and still comply with transportation regulations (U.S. DOE, 1991 c) that prohibit transporting

any waste that contains significant quantities of mobile liquids, i.e., liquids that can flow and, therefore, exceed

residual saturation. In 1992, the maximum initial brine saturation was reduced to 0.14. This reduction was

necessitated by numerical constraints imposed by the creep closure model that was implemented in 1992. Thus, the

range of values over which the initial brine saturation is sampled (0.0 to O.14) is somewhat arbitrary. However, the

range does satisfy two other important criteria: (I) It includes values of initial brine saturation that are physically

reasonable and possible. (2) It is sufficiently broad to enable sensitivity analyses to determine how initial brine

saturation affects the performance of the WI PP.
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1 2.5 Summary of Model Assumptions

Table 2-1 contains a list of important assumptions made in modeling for the sensitivity analyses reported in this

volume. In general, the impact of these assumptions on disposal-system performance is difficult to quantifi.

Complexities of the coupled processes affecting two-phase flow preclude predictions about how the system will

respond to specific changes in modeling assumptions. Assumptions that have a high potential to affect

performance, such as the omission of pressure-dependent fracturing of anhydrite interbeds, will be investigated in

future analyses as improvements are made in the PA modeling system.

2

3

4

5

6

7

Table 2-1. Partial List of Assumptions Used in the BRAGFLO Analyses of Undisturbed Performance
Reported in Volume 5 of the 1992 WIPP PA

8

9

11
12
13

14

General Assumptions

Brine and gas flow obeys generalized Darcy’s Law for compressible fluids in all media. Pore space
is fully interconnected in all regions.

15 Dimensions of all regions are fixed and do not change with time.

16 All gas is assumed to have the physical properties of hydrogen.

17 All liquid is assumed to be Salado Formation brine

18 Gas does not dissolve in brine,

Pressure-dependent fracturing of anhydrite interbeds does not occur.19

Stratigraphy is simplified as shown in Section 2.1.20

Initial conditions calculated by simulating a 50-yr operational period during which the repository

remains open. Time to for the 10,000 yr simulations is at the end of the operational phase, when

the repository is sealed. Permeabilities, porosities, and saturations are adjusted at this time as

described in Ch. 4 of Volume 4 of this report.

21

22

23

24

Permeabilities and porosities of selected regions are adjusted at 200 yr to reflect consolidation of

the seal system (this volume only).

25

26

27 No hysteresis in capillary pressure curves.

Permeabilities and porosities sampled independently. (Sufficient data are not yet available to

correlate permeability with porosity.)

28

29

No-flow boundaries everywhere except far-field Culebra, where pressure is specified.30

Klinkenberg effect is ignored.31

32
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2. Model Description

1 Table 2-1. Partial List of Assumptions Used in the BRAGFLO Analyses of Undisturbed Performance
2 Reported in Volume 5 of the 1992 WIPP PA (Continued).

3

4 Halite Assumptions

Permeability specified, and constant in time.5

Initial (pre-excavation) porosity specified; varies with pressure (because of compressibility);

unchanged at to.

6

7

Initial brine saturation specified; unchanged at to.8

Initial pressures specified, vary with depth; pressures at to are calculated.9

Threshold capillary pressure a function of permeability; constant in time.10

Anhydrite Assumptions11

Permeability specified and constant in time.12

Initial porosity specified as same as intact halite; varies with pressure (because of compressibility).13

Initial saturation specified,14

Initial pressure specified.15

Threshold capilla~ pressure a function of permeability; constant in time.16

MB I 38 not included in the DRZ above the repository17

18 Disturbed Rock Zone (DRZ) Assumptions

Includes what was originally intact halite between the repository and MB139 and anhydrite a + b;

also includes what was originally intact MB139 and anhydrite a + b directly above and below the

repository; also includes (for this volume only) one meter of what was originally intact halite below

MB139 beneath the repository.

19

20

21

22

23

24

Permeability specified and constant during operational phase; changes at to and is constant

thereafter; the DRZ does not “heal.”

Threshold capillary pressure is zero and constant in time.25

26
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2.5 Summary of Model Assumptions

Table 2-1. Partial List of Assumptions Used in the BRAGFLO Analyses of Undisturbed Performance
Reported in Volume 5 of the 1992 WIPP PA (Continued).

Initial porosity specified as same as intact halite; varies with pressure (because of compressibility);

changes at to.

Initial brine saturation specified, variation calculated during operational phase as brine flows in or

out. At to, brine volume is conserved when porosity changes; brine saturation changes and added

pore volume is filled with gas.

Initial pressure same as that of intact halite at the same elevation; calculated during operational

phase. Pressure set to atmospheric at to.

Transition Zone Assumptions

Located in what was originally intact halite between anhydrite a+b and MB138 above the

repository.

Permeability specified as same as that of anhydrite; constant in time.

Initial porosity specified as same as intact halite; varies with pressure (because of compressibility).

Initial saturation specified.

Initial pressure specified.

Threshold capillaty pressure a function of permeability; constant in time.

Culebra Assumptions

Initial permeability zero; at to, nonzero permeability specified, uniform, and constant in time.

Initial porosity specified, varies with pressure (because of compressibility).

Initial saturation specified.

Initial pressure specified, ~ in hydrostatic equilibrium with underlying halite;

constant.

Threshold capillary pressure a function of permeability; constant in time.

far-field pressure
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Table 2-1. Partial List of Assumptions Used in the BRAGFLO Analyses of Undisturbed Performance
Reported in Volume 5 of the 1992 WIPP PA (Concluded).

Waste/Disposal Region Assumptions

Initially treated as an empty cavity; very high permeability, porosity equals 1.0 and is constant in

time; threshold capillay pressure zero and constant in time; pressure is atmospheric; no gas

generation.

At to, waste and all panel seals are emplaced simultaneously, and all properties change.

Permeability specified, constant in time, independent of porosity.

Threshold capillary pressure zero and constant in time.

Pressure at to is atmospheric, calculated for later times.

Brine content at end of operational phase is discarded (assumed to be removed by ventilation);

brine saturation at to is saturation of the newly emplaced waste.

Gas-generation rate is dependent on degree of brine saturation, ranging from humid rate to

inundated rate; rate is zero if brine saturation is zero. If brine is present, gas continues to be

generated until all corrodible and biodegradable material is consumed. No functional dependence

of rate on pressure or chemistry. Corrosion consumes water. Biodegradation requires the

presence of water. Mineral precipitation is ignored.

Dynamic creep closure as a function of pressure in waste results in large porosity changes from

the initial specified porosity; porosity changes only as pressure increases, and varies slightly

(because of compressibility) if pressure decreases. Dimensions of the modeled waste-disposal

region remain constant in time regardless of porosity.

24

25
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3. UNCERTAIN VARIABLES USED IN SIMULATIONS

OF UNDISTURBED PERFORMANCE

Previous volumes of the 1992 WIPP performance assessment selected 49 imprecisely known variables for

consideration (see Table 3- I of Volume 4 of this report). Nineteen of these parameters are used in simulations of

gas and brine migration for undisturbed performance, either directly or to derive the parameters used as BRAGFLO

input. Sampled values for these 19 parameters are unchanged in this volume from those used in other analyses in

the 1992 PA and are as reported in Appendix C of Volume 4. Six additional parameters related specifically to the

performance of the shaft-seal system have been included

are provided in Appendix B of this report, together with

used directly in BRAGFLO.

Table 3-1 identifies the 25 variables sampled for

in sampling for this volume. Values for these parameters

values of parameters derived from sampled variables and

these analyses, and provides information about ranges,

distributions, and sources of additional information for each. The nineteen variables unchanged from earlier

volumes are listed first, and are followed by the six additional variables added for these analyses.

Table 3-1. Variables Sampled in 1992 WIPP Performance Assessmenta

Variable Definition

BCBRSAT Residual brine saturation for Salado Formation (Sir) (dimensionless). Range: 0.0 to 0.4.

Median: 0.2. Distribution: Uniform. Additional information: Section 2.3.1, Volume 3.

Variable 13 in Latin hypercube sample (LHS).

BCEXP Brooks-Corey pore-size distribution parameter for Salado Formation (A) (dimensionless).

Range: 0.2 to 10. Median: 0.7. Distribution: Piecewise uniform. Additional information:

Same as BCBRSAT. Variable 11 in LHS.

BCFLG Pointer variable (flag) for selection of characteristic curve sub-model. Range: O or 1.

Distribution: 33% O, 67% 1. Value of O selects Van Genuchten/Parker Model; value of 1

selects Brooks-Corey model. Additional information: Section 2.3.1, Volume 3. Variable

12 in LHS.

BCGSSAT Brooks-Corey residual gas saturation for Salado Formation (S9r) (dimensionless).

Range: 0.0 to 0.4. Median: 0.2. Distribution: Uniform. Additional information: Same as

BCBRSAT. Variable 14 in LHS.
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Table 3-1. Variables Sampled in 1992 WIPP Performance Assessment (Continued)

Variable Definition

BRSAT

CULPOR

GRCORHF

GRCORI

GRMICHF

GRMICI

MBPERM

MBPOR

Initial liquid (brine) saturation of waste (dimensionless). Range: O to 0.14. Median: 0.07.

Distribution: Uniform. Additional information: Section 3.4.3, Volume 3. Variable 1 in

LHS.

Matrix porosity (@m) in Culebra (dimensionless). Range: 5.8x 10-2 to 2.53 x 10-1.

Median: 1.39 x 10-1. Distribution: Piecewise uniform. Additional information: Table 4.4,

Kelley and Saulnier, 1990; Table E-8, Lappin et al., 1989; Section 2.6.2, Volume 3.

Variable 43 in LHS.

Scale factor used in definition of gas generation rate for corrosion of steel under humid

conditions (dimensionless). Actual gas generation rate is GRCORH=GRCORHF ●

GRCORI. Range: O to 0.5. Median: 0.1. Distribution: Piecewise uniform. Additional

information: Memo from Brush, July 8, 1991, contained in Appendix A, WIPP PA Division,

1991c; Section 3.3.5, Volume 3. Variable 3 in LHS.

Gas generation rate for corrosion of steel under inundated conditions (mol/m2*s surface

area steels). Range: O to 1.3 x 10-8*s. Median: 6.3 x 10-9. Distribution: Piecewise

uniform. Additional information: Same as GRCORHF. Variable 2 in LHS.

Scale factor used in definition of gas generation rate due to microbial degradation of

cellulosics under humid conditions (mol/kg cellulosicss). Actual gas generation rate is

GRMICH = GRMICHF ● GRMICI. Range: O to 0.2. Median: 0.1. Distribution: Uniform.

Additional information: Same as GRCORHF. Variable 6 in LHS.

Gas generation rate due to microbial degradation of cellulosics under inundated

conditions (mol/kg*s cellulosics). Range: O to 1.6 x 10-8. Median: 3.2 x 10-9.

Distribution: Piecewise uniform. Additional information: Same as GRCORHF. Variable 5

in LHS.

Permeability (k) in intact anhydrite marker beds in

10-21 to 1 x 10-16. Median: 5.0 x 10-20.

Correlation: 0.3 rank correlation with SALPERM.

Volume 3. Variable 15 in LHS.

Salado Formation (m2). Range: 1 x

Distribution: Piecewise Ioguniform.

Additional information: Section 2.4.2,

Porosity ($) in intact anhydrite marker beds in Salado Formation (dimensionless). Range:

1 x 10-3 to 3 x 10-2. Median 1 x 10-2. Distribution: Piecewise uniform. Additional

information: Section 2.4.4, Volume 3. Variable 16 in LHS.
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Table 3-1. Variables Sampled in 1992 WIPP Performance Assessment (Continued)

Variable

MBPRES

SALPERM

STOICCOR

STOICMIC

TZPORF

VMETAL

VWOOD

Definition

Far Field Pressure (p) in Salado formation at the MB139 elevation. Range: 1.2 x 107 to

1.3 x 107. Median: 1.25 x 107. Distribution: Uniform. Additional information: Section

2.4.3, Volume 3. Variable 18 in LHS.

Permeability (k) in intact halite component of Salado Formation (m2). Range: 1 x 10-24

to 1 x 10-19. Median: 2 x 10-21. Distribution: Piecewise Ioguniform. Correlation: 0.3

rank correlation with MBPERM. Additional information: Memo from Gorham et al., June

15, 1992, contained in Appendix A, Volume 3; Howarth et al., 1991; Beauheim et al.,

1991; Section 2.3.5, Volume 3. Variable 10 in LHS.

Stoichiometric coefficient for corrosion of steel (dimensionless). Defines proportion of two

different chemical reactions taking place during the corrosion process. Range: O to 1.

Median: 0.5. Distribution: Uniform. Additional information: Brush and Anderson in

Lappin et al., 1989, p. A-6; Section 3.3.5, Volume 3. Variable 4 in LHS.

Stoichiometric coefficient for microbial degradation of cellulosics (mol gas/mol CH20).

Range: O to 1.67. Median: 0.835. Distribution: Uniform. Additional information: Brush

and Anderson in Lappin et al., 1989, p. A-1 O; Section 3.3.5, Volume 3. Variable 7 in LHS.

Scale factor used in definition of transition zone and disturbed rock zone porosity ($z),

with the transition zone and disturbed rock zone porosity defined by TZPOR = SALPOR +

(0.06 - SALPOR) . TZPORF. Range O to 1. Median: 0.5. Distribution: Uniform.

Additional information: Section 2.4.4, Volume 3. Variable 17 in LHS.

Fraction of total waste volume that is occupied by IDB (Integrated Data Base) metals and

glass waste category (dimensionless). Range: 0.276 to 0.476. Median: 0.376.

Distribution: Normal. Additional information: Section 3.4.1, Volume 3. Variable 9 in LHS.

Fraction of total waste volume that is occupied by IDB combustible waste categofy

(dimensionless). Range: 0.285 to 0.484. Median: 0.384. Distribution: Normal.

Additional information: Section 3.4.1, Volume 3. Variable 8 in LHS.
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3. Uncertain Variables

The following variables were sampled for the undisturbed calculations reported in this volume only,

and were not used in the calculations reported in Volume 4. Sampled values for these variables are given

in Appendix B of this volume.

Table 3-1. Variables Sampled in 1992 WIPP Performance Assessment (Concluded)

Variable Definition

BKFLPOR

DSEALPRM

SEALPRM1

SEALPRM2

SHFTPRM

SEALTHK

Porosity of backfill materials in drifts and experimental region and in the shaft below the

shaft seal (dimensionless). Range: 0.01 to 0.075. Median: 0.0425. Distribution:

Uniform. Additional information: Memorandum by Finley and Vaughn, Appendix A of this

volume. Variable 26 in LHS for the Volume 5 calculations

Permeability of panel and drift seals (m2). Range: 1.0 x 10-21 to 1.0 x 10-18. Also used

to define porosity for panel and drift seals (see Appendix B of this volume for definition of

relationship). Distribution: Iognormal. Additional information: Same as BKFLPOR.

Variable 25 in LHS for the Volume 5 calculations.

Permeability of the shaft for the time period from O to 200 yr (m2). Range: 1.0 x 10-19 to

5.0 x 10-16. Median: 7.0 x 10-18. Distribution: Iognormal. Additional information:

Same as BKFLPOR. Variable 22 in LHS for the Volume 5 calculations.

Permeability of the shaft seal and shaft-fill material within the Salado Formation for the

time period from 200 to 10,000 yr (m2). Range: 1.0 x 10-21 to 1.0 x 10-18. Median: 3.2

x 10-20. Distribution: Iognormal. Also used to define porosity for the shaft seal and

shaft-fill material (see Appendix B of this volume for relationship). Additional information:

Same as BKFLPOR. Variable 23 in LHS for the Volume 5 calculations.

Permeability of the shaft-fill material within the Salado Formation for the period from O to

200 yr (m2). Range: 1.0 x 10-19 to 1.0 x 10-15. Median: 1.0 x 10-17. Distribution:

Iognormal. Additional information: Same as BKFLPOR. Variable 24 in LHS for the

Volume 5 calculations.

Thickness of the shaft seal within the Salado Formation, as modeled (m). Range: 30 to

100. Median: 65. Distribution: Uniform. Additional information: Same as BKFLPOR.

Variable 21 in LHS for the Volume 5 calculations.

—

a Adapted from Table 3-1 of Volume 4 and Tables 6.0-1, 6.0-2, and 6.0-3 of Volume 3 of this report.
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In this chapter, results are discussed for three cases. In the first, the base case, the shaft is modeled as a

composite of the four existing shafls. The second case considers a single shaft instead of combining all four shafts

into one, but is otherwise identical to the base case. In the third case, the base case is repeated but without dynamic

creep closure; instead, the porosity of the repository is fixed at the median final-state porosity of 19°/0. This is the

best current estimate for the repository-wide average porosity of waste compacted to Iithostatic pressure (14.8 MPa)

(Butcher, 1990).

In all three cases, the behavior of the repository and the responses of the surrounding strata to changes in the

repository is largely determined by the initial brine saturation in the waste. If gas generation is relatively low,

primarily as a result of low initial brine content in the waste, the pressure in the repository rises slowly as brine from

the far field flows in to equilibrate repository pressure with the far field. Under these conditions, the direction of

flow is mostly in toward the repository, and the repository behaves simply as a brine sink. A more common

response (in 70°/0 of the realizations) is for gas to be generated sufficiently rapidly so that the pressure in the

repository builds quickly, exceeding the far-field pore pressure. In about half of the realizations, the disposal-region

pressure exceeds lithostatic pressure. In these cases, brine and gas are driven away from the repository out the most

permeable pathways: the three anhydrite layers, and the sealed and backfilled shaft. Despite the high pressures

reached in the repository, cumulative brine flow outward through the anhydrite layers is never enough to reach the

disposal-unit boundary, Brine flows up the sealed shaft are also small and do not reach the Culebra. Cumulative

gas flow out the anhydrite layers is sufficient in 6 of the 70 realizations for gas to flow beyond the disposal-unit

boundary. Gas reaches the Culebra in 12 of the 70 realizations.

Results for the single-shaft case differ little from the base case. Cumulative brine flows up the shaft are lower

than in the base case in proportion to the cross sectional area of the shaft. Cumulative gas flows into the Culebra are

also proportionately lower. Flows of brine and gas out the anhydrite layers are indistinguishable from those of the

base case.

Results for the fixed-porosity case differ from the base case primarily in the pressures obtained in the

repository. Peak pressures are considerably higher, reaching 39 MPa versus 24 MPa in the base case. However, in

the absence of a model for pressure-dependent fracturing of anhydrite interbeds, the higher repository pressures

have essentially no effect on the other performance measures examined. Brine and gas flows out the anhydrite

layers and up the shafi are unaffected by the use of a fixed repository porosity instead of a time-varying porosity.

This conclusion may change in future performance assessments when pressure-dependent fracturing is included in

simulations.

4.1 Four-Shaft Equivalent Geometry

33 Repository behavior is largely dictated by the amount of water initially present in the waste. Pressure in the

34 repository initially increases, either rapidly, as a result of gas generation, or slowly, while gradually equilibrating

35 with far-field pressure if the gas generation rate is low. Peak pressures range from 5.8 to 23.8 MPa. Brine

36 saturation in the waste rises steeply during the first 100-300 yr as creep closure reduces the pore volume of the

37 waste more rapidly than corrosion consumes brine. After peaking at about 300 yr, the brine saturation generally
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decreases continuously during the remainder of the 10,000 yr (unless the initial brine saturation and the corrosion

rate are both very low) because corrosion consumes brine faster than it flows into the repository from the far field.

Because sufficient brine is not available, the initial iron inventory of the repository is usually not fully consumed

within 10,000 yr. The opposite is true for cellulose. As a result of its lower initial inventory and higher reaction

rate, cellulose generally is fully consumed fairly early (within the first 3000 yr), when sufficient brine is still

available for biodegradation to take place. Although the amount of brine that flows into the repository is usually

greater than the amount that flows out, brine inflow has little effect on gas generation because it tends to accumulate

in regions of the repository that are depleted of reactants. Thus, the initial brine content of the waste has a far

greater impact than brine inflow on how much gas is generated.

Cumulative brine flow out the high-permeability pathways — the three anhydrite layers and the shaft —

impacts directly on regulatory compliance. In none of the realizations did sufficient brine flow out any of these

pathways to reach the disposal-unit boundary. Because transport was not modeled, the analysis is based on

quantities of brine flow relative to pathway pore volumes and residual saturations. As expected, the largest volumes

of brine flow out MB 139. None flows out anhydrite a + b. Although enough brine flowed out MB 138 to warrant

some concern, it is not clear that the brine there could originate in the waste; it is possible that brine in MB 138, as

currently modeled, is not contaminated, but instead originates in MB 138 or the transition zone above the repository.

Small amounts of brine flowed upward through the shaft seal, but not enough to fill the rest of the lower shaft

between the seal and the Culebra. Although almost no brine flows through the drift seals, it bypasses the drift seals

by flowing through the DRZ above and below the seals.

Sufficient quantities of gas are produced in 6 of the 70 realizations for gas to flow beyond the disposal-unit

boundary. The largest amounts of gas flow out MB 139, even though this pathway is also the main conduit for brine

flow. Smaller quantities flow out anhydrite a + b and MB 138; in the six realizations having flow past the disposal-

unit boundary, such flow occurs in all three anhydrite layers. Gas also flows up the shafl into the Culebra in the

same six realizations. The panel and drift seals were not completely effective in stopping gas flow: less than 0.01 ‘/o

of the total gas flow from the waste entered the panel and drift seals.

4.1.1 Repository Behavior

Pressures in the waste (Figure 4- I) increase for at least the first 1000 yr in all realizations. In all cases, the

pressures start at atmospheric (O.101 MPa). Some of the increase in pressure results from brine inflow from the far

field, and some small component from the reduction of void volume by creep closure. Most of the increase,

particularly in those realizations in which pressure rises above the far-field pore pressure (12 to 13 MPa), is caused

by gas generation by corrosion and biodegradation of the waste. After 10,000 yr, pressures range from 5.8 to 22.3

MPa; peak pressures range from 5.8 to 23.8 MPa. Two general types of behavior can be observed. In about two-

thirds of the cases, the pressure profile peaks in less than 10,000 yr, often fairly early — between 1000 and 3000 yr.

In these instances, gas is generated faster than pressure can be relieved by fluids flowing out of the anhydrite layers

or up the sealed shaft. Eventually, either reactants are fully consumed or brine is no longer available for corrosion,

and gas generation stops or slows greatly. From that time on, pressures in the waste gradually equilibrate with the

far-field pressures. If the pressure has exceeded the far-field pressure at the elevation of the repository, then the

pressure will drop.

39
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Figure 4-1. Volume Average Pressure in the Waste Repository.
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Otherwise, thepressure will continue to rise. This isseenin about one-third of themns, where thepressure hasnot

yet reached the far-field pressure within 10,000 yr, and is increasing so slowly that it may never exceed the far-field

pressure. Lithostatic pressure is exceeded in about half of the realizations. Until fracturing of the anhydrite layers is

included in the model (planned for 1993), these high repository pressures will always be obtained in some of the

realizations.

Pressures in the waste can also increase as a result of creep closure reducing the pore volume. In the current

implementation of creep closure, it is ditlicult to determine how much creep closure contributes to pressure

increases in the presence of other phenomena. This will be discussed further in Section 4.3. In order for creep

closure to have a significant effect, pressures in the waste must first increase independently of creep closure, as a

result of either gas generation or influx of fluid from outside the repository.

There are a few realizations in which the pressure fluctuates. This generally results when gas generation rates

vary rapidly. For example, in the realization producing the highest pressures (see Figure 4-1), the pressure peaks

very early at 20 MPa, drops briefly, then rises again to peak at 23.8 MPa. In this case, biodegradation is very rapid,

causing pressures to rise rapidly. But when the biodegradable invento~ is fully consumed (in about 600 yr), gas

generation slows dramatically, resulting in a rapid drop in pressure as gas continues to migrate into the far field.

Eventually, gas generation from corrosion brings the pressures back up to the higher peak, when all corrodible

materials are finally consumed.

Brine saturation in the waste also generally increases initially (Figure 4-2), peaking quite early — within a few

hundred years atler the repository is sealed. The saturation increase is a direct result of the rapid creep closure

during these early times and results in a sharp decrease in pore volume in the waste (Figure 4-3). Although

corrosion consumes brine during this time period, which causes the brine volume in the waste to drop (Figure 4-4),

the decrease in pore volume is more rapid than the decrease in brine volume. Consequently, brine saturation

undergoes a rapid increase initially. Once the repository has crept shut about as far as it can in the current creep

closure implementation, brine consumption causes the brine saturation to decrease. Generally, the rate of decrease

in brine saturation is quite rapid, dropping to less than 20°/0 of its peak value within 2000 yr. In most cases, once

brine saturation begins to decrease, it never rises again during the remainder of the 10,000 yr. Only in a few

realizations in which the brine saturation is always quite low (less than 0.05) does the saturation increase atler 1000

yr. In these cases, the pressure in the repository remains fairly low, typically below hydrostatic (about 7 MPa),

because little gas has been generated, and some brine is still able to flow in from outside the repository. However,

in most cases, the rate of brine flow in from the far field is quite low as a result of low interbed permeabilities and

pressures within the repository that are comparable to the far-field pressures. Any brine that does flow into the

repository is usually consumed by corrosion as quickly as it flows in. Thus, there is generally no increase in brine

saturation after about 1000 yr.

The two reactants, iron and cellulose, differ markedly in their time-dependent behavior (Figures 4-5 and 4-6,

respectively). In 18 of the 70 realizations, all of the iron is consumed. The initial corrosion rate is generally the

highest rate; however, the initial brine content is consumed in most of the realizations, and, given the generally low

flow of brine into the waste, much iron is otlen unreacted after 10,000 yr. In contrast, cellulose is fully consumed in

52 of the 70 realizations. This stems from the lower initial content and higher reaction rate for cellulose compared

with iron. The median value for the initial mass of cellulose is about 17°/0that of iron. The median biodegradation
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rate among the 70 realizations is about 6 times higher than the median corrosion rate on a mass basis under

inundated conditions. Thus, cellulose is expected to be fully consumed in approximately l/40th of the time required

for corrosion, at their full rates. Because of the smaller initial content and higher rate, biodegradation is not

inhibited by lack of brine as much as corrosion because it is largely completed while brine is still present in the

waste, whereas, brine is depleted in the waste long before corrosion is completed. (Note that although

biodegradation is currently assumed not to consume water, there still must be water present in order for

biodegradation to occur. Corrosion, as currently modeled, consumes water, so water must also be present for

corrosion to take place. These statements are true for both the inundated reactions and the humid reactions. See

Sections 1.4.1 and 3.3 of Volume 3 of this report for additional discussions of the gas-generation model.)

Averaging over the 70 realizations, 32% of the total initial iron content of the waste remains unreacted after 10,000

yr, whereas, only 16% of the total initial biodegradable content remains at that time.

The amount of gas generated, Figure 4-7, ranges from 3.0 x 106 to 3.2 x 107 m3 (at reference conditions: 30 “C

and O.101 MPa). This corresponds to 1.3 x 108 to 1.3 x 109 mol Hz total, or nominally 160 to 1600 mol/drum

(based on 6804 drums/room, as modeled). The till potential as currently modeled is 2.0 x“107 to 3.5 x 107 m3 (at

reference conditions), or equivalently 8.1 x 108 to 1.4 x 109 mol H2 total, or 1000 to 1770 mol/drum. Because so

much iron remains afier 10,000 yr, the average cumulative gas generated (1.8 x 107 m3) is relatively low, only 70

percent of the average potential (2.6 x 107 m3).

Total brine consumed by corrosion, Figure 4-8, ranges from 1600 to 29,600 m3; compared with the total brine

required to complete corrosion, 19,700 to 32,200 m3. In 45 realizations (or 64?40), sufficient brine is available in the

waste initially to corrode all the iron in the waste without any brine flowing in from outside the waste. However,

only in 18 of the realizations (or 26°/0) was all of the iron fully consumed. In the other 27 realizations, the corrosion

rate was too low to consume all of the iron within 10,000 yr, even though enough brine was always available.

As shown in Figure 4-9, there were more realizations (39) in which the net brine flow was into the waste, rather

thm~rorn the waste (19), and in 12 of the 70 realizations, there was no brine flow either into or out of the waste.

The maximum brine outflow was 11,400 m3. In some realizations, the net cumulative flow of brine was inward

because of an early surge of inflowing brine, but there was still a substantial amount of brine outflow. However,

even in the most extreme case (the second curve from the bottom in Figure 4-9), only about 7100 m3 of brine

flowed back out after having flowed into the waste. It is interesting that in the ten realizations with the highest

inflow of brine, none had all the iron fully corroded. This suggests that brine inflow has only a marginal impact, at

best, on corrosion, and that corrosion rate is a more important factor influencing corrosion and gas generation,

rather than the availability of brine. In contrast, those realizations with the highest brine inflow generally had

among the lowest initial brine present in the waste, so, whereas brine inflow may not be important, initial brine

content is. Brine inflow has little effect on corrosion because it tends to flow in just at the edges of the repository

and then pool in the bottom of the repository. Iron may be largely consumed there, but not enough brine flows in to

fill the repository to the top, so iron remains relatively unreacted in the upper portion of the repository.
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4.1.2 Brine Flow Behavior

A key question for PA to answer is: Where does contaminated brine flow to? Because the presence of brine in

the waste results in gas generation, it is also desirable to know where brine comes from, specifically, what are the

flow paths taken by brine near the WIPP site over the thousands of years following the sealing of the repository. As

discussed above, as much as 11,400 m3 of brine flowed out of the waste. This brine is presumably contaminated

with radioactive isotopes and hazardous constituents. Although the model used does not simulate transport, the

extent and directions of contaminated brine flow can be estimated, in addition to the sources of brine that flows into

the waste. Figure 4-10 shows that almost no brine flowed through the ti]tl seals. The maximum cumulative flow of

contaminated brine from the waste into the seals was 0.03 m3. In most realizations, brine flowed from the seals into

the waste, but the maximum was still only 0.9 m3. The bulk of flow into or out of the waste was through the DRZ.

The drift seals, as currently modeled, are very effective in blocking brine flow from the waste through the seals, but

they do not prevent fluids from bypassing the seals by way of the DRZ.

Fluids do not migrate significant distances in the low-permeability halite, and to get to the disposal-unit

boundary, contaminated brine must flow through one of the permeable units: the anhydrite layers (Marker Beds

138 or 139 or the combined anhydrite “a” and “b” layer), or up the sealed shaft As described below, the results of

the BRAGFLO simulations show that no contaminated brine would have reached the unit boundaries. This

conclusion is based on examinations of the quantities of brine and gas that flowed into various regions, rather than

on actual transport calculations because those calculations were not performed.

For these model results, it can safely be stated that no contaminated brine reached the Culebra upward through

the shaft seal system. As Figure 4-11 shows, in most realizations, brine flowed downward through the modeled

shatl seal, not upward, and did not provide a potential transport medium away from the waste. In seven realizations

there was a positive net upward flow of brine, and the maximum flow was only 25 m3. In addition, there were

several realizations in which brine flowed downward initially but flowed upward later. To be conservative, it must

be assumed that all of this upward-flowing brine is contaminated, although this may not be true. In the worst cases,

approximately 40 m3 of brine flows upward (even though in one of those realizations the net cumulative flow was

30 m3 downward). However, Figure 4-12 shows that the minimum brine volume in the lower shafi (above the shafl

seal but below the Culebra seal) is 370 m3. This figure also shows that the brine volume in the lower shaft is nearly

constant in most cases even though that portion of the shah is never fully saturated with brine after 200 yr, so brine

in the lower shaft is never completely displaced by the small amount of brine flowing up through the seal.

Therefore, 40 m3 of brine flowing through the shatl seal would flow only about 1/1Oth of the distance from the seal

to the Culebra, never actually reaching the Culebra. In fact, when individual realizations are examined, the quantity

of brine that flows through the shaft seal never amounts to more than 1.7°A of the brine volume in the lower shaft.

(In Figure 4-12, the small drop in brine volume that occurs in every realization at 200 yr results from the change in

porosity in the Culebra seal at that time, as described in the memorandum by Finley and Vaughn in Appendix A of

this volume.)

Before considering the other flow paths — the three anhydrite layers — it must be pointed out that the

fimdamental assumption of plug flow in a porous medium requires that any outward flow of contaminated brine

tlom the waste must displace all the brine-saturated pore volume in a grid block before it can move to he next grid

block. Because of the quasi-cylindrical geometry used in the mesh, the volume of grid blocks increases greatly as

one moves outward from the repository (see Section 2.3). Table 4-1 lists the cumulative grid block volumes in each

anhydrite layer for the mesh used in these calculations, along with the distance from the repository to the outer edge
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1 Table 4-1. Cumulative Volumes in Anhydrite Layers in BRAGFLO Mesh (South of Repository) (see

2 Figure 2-1 )

3

Volume [m3)

Cell No.
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Distance

(m)

1

6

26
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2,500
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22,500

Layer 7

MB138

347

2,110

9,500

55,100

387,000

3,230,000

23,200,000

191,000,000

Layer 9

Anhydrite
a+b

521

3,160

14,300

82,700

580,000

4,840,000

34,800,000

287,000,000

Layer 16

MB139

1,640

9,950

44,900
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of the grid block. Table 4-2 lists initial pore volumes in the same grid blocks. This is the actual volume of brine

that must be displaced by contaminated brine and gas flowing out from the repository. This will help to put into

perspective the large amount of brine that has to be displaced in order for contaminated brine to reach the disposal-

unit boundary. If some of the pore volume is occupied by gas, then the estimates of travel distances must be

increased proportionately. The tables give volumes only for the portion of the mesh to the south of the repository.

Generally, the cumulative flows of gas and brine are greater south of the repository, so only flows to the south are

examined.

Cumulative brine flow southward out through Marker Bed 138 is shown in Figure 4-13. The amount of brine

that flows inward toward the repository is generally far greater than the amount that flows outward. In eight

realizations was there a net outward flow to the south of the repository, with the maximum being 320 m3. However,

in many other cases large quantities of brine flowed in toward the repository initially, but flowed outward later as

pressures within the repository built up. This occurred in 40 of the 70 realizations. Although the most brine that

flowed south from the repository was 520 m3, which would occupy 54,000 m3 of MB 138 volume (at a porosity in

this realization of 0.0097), another realization that had 350 ms brine flow at a lower porosity (0.0046), so that brine

occupied 77,000 m3 of the marker bed. Table 4-1 shows that this brine would flow as far south as Cell 4, or 626 m,

provided that the marker bed was fully saturated with brine. However, this is generally not true. If some

contaminated brine flowed out early on, followed by a large quantity of gas, even small amounts of contaminated

brine could be pushed far out. A more accurate way to estimate the distance contaminated brine has flowed is to

sum the volumes of brine and gas (at local pressures) that flowed out. The maximum gas flow out through MB 138

is 2.8x 106 m3 at reference conditions ofO.101 MPa, as shown in Figure 4-14. The repository pressure must exceed

the far-field fluid pressure in order for gas to flow out from the repository, so gas pressures in MB 138 must be at

least 12 MPa, which is the low end of the sampled range of far-field pressures. Thus, the maximum cumulative gas

volume that has flowed south out of MB 138 is approximately 2.3x104 m3, which, at the minimum sampled marker

bed porosity of 0.001159, would occupy 20x106 m3 of the marker bed. Table 4-1 shows that when gas and brine

flows are combined, they could flow out into Cell 2,7500 m south of the repository, or 5 km beyond the disposal-

unit boundary, using all the most unfavorable parameter values from the Latin hypercube sampling. Because these

extreme combinations of parameter values did not occur in the Latin Hypercube Sample (LHS), the maximum gas
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Table 4-2. Pore Volumes in Grid Blocks in Anhydrite Layers in BRAGFLO Mesh (South of Repository)a

(see Figure 2-1)

Layer 7 Layer 9 Layer 16

MB138 Anhydrite a + b MB139

Minimum Maximum Minimum Maximum Minimum Maximum

Distance Volume Volume Volume Volume Volume Volume

Cell No. (m) (m3) (m3) (m3) (m3) (m3) (m3)

8 1 0 10 1 16 2 49

7 6 2 63 4 95 12 298

6 26 11 284 17 426 52 1,340

5 126 64 1,650 96 2,470 302 7,790

4 626 448 11,600 673 17,400 2,120 54,700

3 2,500 3,740 96,500 5,610 145,000 17,700 456,000

2 7,500 26,900 693,000 40,300 1,040,000 127,000 3,270,000

1 22,500 221,000 5,720,000 332,000 8,570,000 1,050,000 27,000,000

a Based on actual sarrrp/ed minimum and maximum anhydrite porosity: 0.001159 and 0.02992; not on minimumand maximum

reportedin Volume 3, Table in Volume 3, Table 2.4.4:0.001 and 0,03.

and brine flow out through MB 138 is much less, In only one realization does enough gas flow out through MB 138

to occupy all the pore volume in MB 138 to a distance beyond the disposal-unit boundary. In this one case, 19,700

m3 of gas at local pressures flows out of MB 138, occupying only 4.8 x 106 m3 of marker bed volume, which would

only extend into Cell 2 in MB 138, the first cell beyond the disposal-unit boundary.

It still cannot be stated with certainty whether contaminated brine actually reached the boundary, however.

First, MB 138 is not fully saturated with either gas or brine. The residual brine saturation in the realization that

potentially crosses the bound~ is 0.2001. (This parameter was sampled and is constant in any given realization.)

Thus, some brine, contaminated or not, remains as residual saturation rather than being pushed ahead of the gas.

This residual brine results in a smaller volume for gas storage in the marker bed, and causes gas to migrate

approximately 25°/0 farther than it would if the unit were fully gas-saturated.

Residual brine volume in MB 138 in the realization in which brine potentially reached the unit boundary is

2650 m3, whereas the calculated volume of cumulative brine flow past the disposal-unit boundary is far less at

150 m3. Second, it is necessary to know the history of release of contaminated brine from the waste to know

whether the underlying assumption that contaminated brine preceded gas flow out MB 138 is true. No brine actually

flowed out of the waste in this realization; therefore, no contaminated brine could have reached the disposal-unit

boundary. This realization illustrates the hazards involved “inmaking conservative assumptions. With enough bad
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Figure 4-13. Cumulative Brine Flow South out MB 138. (Positive values indicate flow southward away from the

repository.)
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Figure 4-14. Cumulative Gas Flow South out MB138 (at 30 “C; 0.101 MPa). (Positive values indicate flow

southward away from the repository.)
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assumptions about the results, it would appear that brine crossed the disposal-unit boundary in at least one

realization, when in fact, this did not occur.

This analysis can be repeated for the anhydrhe a + b layer, which is expected to have a larger cumulative gas

flow than MB 138. The brine flow should be greater simply because this layer is thicker, and, being slightly closer

to the repository, the driving pressures are higher. Surprisingly, Figure 4-15 shows that no outward brine flow

occurred south of the repository in this layer. Brine flowed only in toward the repository. As pressures quickly

built up in the waste, inward brine flow ceased. In more than half of the realizations, this occurred within the first

1000 yr. At the same time, gas began to flow outward (Figure 4- 16). As expected, the volume of gas flow out

through this layer is somewhat higher than in MB 138, ranging up to 3.5 x 10c m3, compared with 2.3 x 104 m3 in

MB138.

The analysis for MB 139 is similar in complexitytoMB138. The net cumulative brine flow outofMB139

(Figure 4-1 7) is positive (i.e., outward) in 13 realizations, with a maximum of 2030 m3. From Table 4-2, it can be

seen that if MB 139 were fully brine saturated, this maximum quantity of brine, which may or may not be

contaminated, would flow only as far as Cell 4, or 626 m from the repository, assuming the minimum value for

porosity. However, as seen in MB 138, more than half of the realizations that had net inward cumulative flows

actually had a substantial amount of outward brine flow following a large initial inward surge. The largest of these

was 6700 m3. In a brine-saturated MB 139, assuming minimum porosity, this brine would reach Cell 3, which

extends to the disposal-unit boundary. In fact, the realizations having the greatest outward flow of brine do not have

the lowest porosity. The realization with the largest brine flow has a porosity of 0.0041, meaning that the brine

flows only to Cell 4, or 626 m from the repository, not to the disposal-unit boundary.

As shown in the analysis for MB 138, gas flow has a major impact on how far contaminated brine might flow.

Figure 4-18 shows that as much as 3.6 x 106 m3 of gas flowed out through MB 139. That large quantities of gas

flow out through MB 139 is surprising; previous work has suggested that brine will tend to pool in the lower portion

of the waste and beneath the repository (Bertrarn-Howery et al., 1990; WIPP PA Division, 1991 b; WIPP PA

Department, 1992). The main flow path for brine inflow is MB 139, but if gas generation in the repository raises the

pressure there rapidly enough, little brine ever flows in. Generally, model results indicate that any brine initially

present in the repository is converted to gas, which raises the pressure, preventing any further significant influx of

brine, and driving large amounts of gas out through MB 139. If it is again assumed that contaminated brine precedes

any outflowing gas, then it must be concluded that contaminated brine flows past the disposal-unit boundary

through MB 139. However, at least a residual saturation of brine will remain throughout the anhydrite layers. In the

case in which the maximum brine outflow was 6700 m3, residual brine volume out to the disposal-unit boundary is

12,500 m3, nearly double the actual contaminated brine volume that flowed into MB 139. So again, no

contaminated brine could have reached the disposal-unit boundary through any of the anhydrite layers.

The results show that except for flow out the anhydrite layers, there is little movement of brine in the vicinity of

the repository. Figure 4-19 shows that almost no brine flowed from the seals and backfill regions into the shaft,

while flow in the other direction, cumulative brine flow amounted to less than 800 m3. Flow from the experimental

region into the shaft, Figure 4-20, is almost a mirror image of flow from the seals and backfill into the shaft,

indicating that the shafl does little to impede flow fi-om the experimental region to the seals and backfill.

Considering the small volume of the lower shaft, this result is expected. The flow behavior in these regions stems

directly from the initial conditions. At time zero, all of the excavated regions except for the repository were

assumed to be fully saturated with brine. This assumption was based on the expected brine content of the halite
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Cumulative Brine Flow South out Anhydrite Layers a + b. (Negative values indicate flow northward

toward the repository.)
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Figure 4-16. Cumulative Gas Flow South out Anhydrite Layers a + b (at 30 “C;O.101 MPa). (Positive values

indicate flow southward away from the repository,)
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Figure 4-17. Cumulative Brine Flow South out MB 139. (Positive values indicate flow southward away from the

repository.)
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Figure 4-18. Cumulative Gas Flow South out MB 139 (at 30 “C; O.101 MPa). (Positive values indicate flow

southward away from the repository.)
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Figure 4-19.

d, 1 I 1 , 1 , ,

012345678 910

TIME (1N yr)

TRI-6342-2722-0

Cumulative Brine Flow from Drift Seals and Backfill into Shaft. (Positive values indicate flow from

seals and backfill into shaft.)
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Figure 4-20. Cumulative Brine Flow from Experimental Region into Shaft.
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backfill, estimated to be 5 to 8 weight percent (see memorandum by Finley and Vaughn in Appendix A).

Depending on the porosity of the backfill (a sampled parameter), this corresponds to nearly 10OOAbrine saturation.

The brine saturation of the DRZ, however, was calculated during the 50-yr operational simulation, then adjusted

downward to account for the increased porosity of the DRZ at time zero, when the repository is sealed. The result

is that whereas the backfilled excavated regions are fhlly saturated with brine at time zero, the surrounding DRZ has

a relatively low brine saturation, so an immediate flux of brine occurs from the backfilled regions into the DRZ,

particularly that portion of the DRZ beneath the seals and backfilled regions. In the majority of realizations, this

flow of brine is small, less than 1 m3. But in about 15’%.of the cases, more than 100 m3 flows into the DRZ.

Flow between other regions is generally much smaller. Less than 15 m3 flows between the DRZ and the shaft

(Figure 4-2 l). Except for two realizations, almost no brine flows between MB 138 and the shaft (Figure 4-22) or

between the transition zone and the shaft (Figure 4-23). Up to 400 m3 of brine flows from the Salado halite into the

shatl (Figure 4-24). Although the permeability of the halite is extremely low, the large surface area of the shaft

allows a substantial amount of brine to flow in. The one realization in which 700 m3 flows from the shaft into the

halite is characterized by the highest halite permeability among the 70 realizations, a highly permeable shaft seal,

and large quantities of gas generation that cause the shaft to pressurize much more than in other realizations, thus

providing a greater driving force out of the shaft and into the halite. Only seven other realizations have a net flow

of brine from the shaft into the halite. Flow through the shaft seal was discussed earlier, In two-thirds of the

realizations, brine flows ftom the shaft into the Culebra (Figure 4-25). This flow is largely driven by gas flowing up

the shaft. In the other one-third of the realizations, the shaft is never pressurized enough to prevent brine from

draining from the Culebra into the shaft,

4.1.3 Gas Flow Behavior

Gas flow in the anhydrite layers was discussed earlier in connection with its impact on brine flow. It was mentioned

then that gas may flow beyond the disposal-unit boundaries in some realizations. This issue will be clarified here.

For brevity, the discussion will be restricted to flow in the mesh south of the repository because the cumulative

flows are greater there than to the north. Figures 4-26,4-27, and 4-28 show the cumulative gas flows past the

southern disposal-unit boundary in MB 139, anhydrite a + b, and in MB 138, respectively. Significant volumes of

gas (i.e., greater than one m3) flow past the boundary in six realizations. The maximum gas flow pasta boundary

occurs in MB 138, with 1.7 x 106 m3 of gas (at reference conditions). All gas is assumed to have the physical

properties of hydrogen. Because the viscosity of hydrogen is lower than that of other gases likely to be present or

produced in the waste (C02, CH4, N2), this assumption should result in greater and more extensive g~ flows than if

other gases were used.

Although no gas flowed past the disposal-unit boundary in the Culebra, it is interesting to see how effective the

shaft seal is in preventing gas flow into the Culebra. The cumulative gas flow up through the shaft seal is shown in

Figure 4-29. With a maximum of 1.9 x 105 ms, gas flows through the shaft seal are small compared with the flows

out the anhydrite layers, where the maxima are more than an order of magnitude higher. Why the upper curve in

Figure 4-29 stands out from the others is difficult to explain. The only exceptional parameter in this realization is

the halite permeability, which is the highest among the 70 realizations. That the cumulative flow is a factor of five

higher than the next highest result suggests that sampling should be more detailed in order to fill in the gap between

the one outstanding result and all the rest. The drift seals were relatively ineffective in stopping gas flow toward the

shaft for the time scales of this study (Figure 4-30). Nearly as much gas flows through these seals as out each of the
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Figure 4-21. Cumulative Brine Flow flom DRZ into Shaft.
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Figure 4-22. Cumulative Brine Flow from MB 138 into Shaft.
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Figure 4-23. Cumulative Brine Flow from Transition Zone into Shaft.
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Figure 4-24. Cumulative Brine Flow from Halite into Shaft.
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Figure 4-25. Cumulative Brine Flow from Culebra into Shaft.
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Cumulative Gas Flow South in MB 139 Past the WIPP Boundary (at 30”C; O.101 MPa). (Negative

values indicate flow southward away from the repository.)
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Figure 4-27. Cumulative Gas Flow South in Anhydrite Layers a + b Past the WIPP Boundary (at 30 ‘C; O.101

MPa). (Negative values indicate flow southward away from the repository.)
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Figure 4-28. Cumulative Gas Flow South in MB 138 Past the WIPP Boundary (at 30 “C; 0.101 MPa). (Negative

values indicate flow southward away from the repository.)
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Figure 4-29. Cumulative Upward Gas Flow through Shaft Seal (at 30 “C; 0.101 MPa).
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Figure 4-30. Cumulative Gas Flow from Drift Seals and Backfill into Shaft (at 30 “C; 0.101 MPa).
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three anhydrite layers: a maximum of 2.5 x 106 m3 versus an average maximum of 3.3 x 106 m3 to the south in

each anhydrite layer. A somewhat greater amount flows through the DRZ into the shaft below the shaft seal (Figure

4-3 1), up to 3.9 x 106 m3. Gas encounters little resistance between the repository and the shaft, which leaves the

shatl seal to prevent gas migration into the Culebra. (It is assumed that there is no DRZ around the shaft above

MB 138 through which gas could bypass the shaft seal [see Figure 2-1 ].) Other flow paths between the repository

and the shaft are insignificant. Less than 50,000 m3 of gas flows into the shaft via the transition zone, and less than

8000 m3 by way of MB 138; in fact, in some realizations, the flow is in the opposite direction,~rom the shaft, rather

than into the shall.

4.2 Single-Shaft Geometry

In these calculations, the shaft was changed from the original configuration (in which all four shafts were

combined into one), to a single shaft the size of the Salt Handling Shatl. All other parameters are identical to those

used in the four-shaft equivalent geometry calculations. As shown in the following discussion, the affect of

reducing the size of the shaft is negligible. Fluid flows up the shaft were reduced in proportion to the shaft cross

section reduction. However, shaft flows had only a small effect on the overall performance of the repository in the

original calculations. There were no flows of brine and small flows of gas to the top of the Salado Formation in

both four-shafts-in-one geometry or the single-shaft geometry. In particular, the shafi seal performance was good

enough that the presence of the shaft was of no consequence in either performance assessment, whether there was

one shaft or four.

4.2.1 Repository Behavior

Although minor differences occurred between individual realizations, on the whole, the pressures in the

repository differ insignificantly between these single-shaft calculations and the base case (see Figure 4-32). The

peak pressure was still 23.8 MPa; after 10,000 yr, pressures ranged from 5.4 to 22.3 MPa, compared with 5.8 to

22.3 MPa in the base case. Because the transient pressure behavior in the repository differed little from the base

case, other performance measures would also be expected to differ little. Plots of remaining corrodible content,

biodegradable content, and total gas generated — Figures 4-33,4-34, and 4-35, respectively — are nearly

indistinguishable from their base case counterparts. Other results describing conditions in the waste are also very

similar: pore volumes, cumulative brine consumption, and brine and gas saturations. These results are not

surprising. The shaft is a relatively small region located more than 600 m from the waste-disposal region. Its

diameter should not and does not have any significant effect on processes that occur in the waste, particularly

because the behavior of the repository is largely determined by the amount of brine initially present and by marker

bed permeability. Shafi diameter would be expected to have a noticeable effect only on flows up the shaft, although

fluid flow in other regions should be considered.

33 4.2.2 Brine Flow Behavior

34 Cumulative brine flow from the repository, Figure 4-36, is virtually identical to the base case, Figure 4-9, which

35 was expected because all other repository responses are unchanged. Plots of cumulative brine flow out each of the
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Figure 4-31. Cumulative Gas F1OWfrom DRZ into Shaft (at 30 “C; O.101 MPa).
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Figure 4-32. Volume Average Pressure in the Waste Repository, Single Shaft Model.
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Figure 4-33. Iron Remaining in the Waste Repository, Single Shatl Model.
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Cellulose Remaining in the Waste Repository, Single Shaft Model.

4-44



4.2 Single-Shaft Geometiy

‘E

‘o

35

30

25

20

15

10

5

0

I I , , , , I

1

2!!
.

— I

1

I

012345678 9 10

TIME (1@ yr)

TRI-6342-2799-O

Figure 4-35. Cumulative Gas Volume Generated (at 30 “C; 0.101 MPa), Single Shafl Model
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Figure 4-36. Cumulative Brine Flow from the Waste Repository, Single Shafl Model. (Positive values indicate

flow away from the repository.)
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three anhydrite layers overlay plots of the base case exactly and are not repeated here. Where differences are

expected is in flow up the shaft. The most apparent difference between the single-shafl results and the results with

four shafls combined is in flows through the shaft seal, Figure 4-37. Comparing this with the earlier plot, Figure 4-

11, the flow of brine through the shaft seal is reduced by the smaller shaft cross section. The maximum net upward

flow is now 3 m3 versus 25 m3 with four combined shafts. However, the minimum pore volume of the lower shaft,

37 m3, is still 10 times the volume of brine that flowed up through the shatl seal, just as in the base case. Although

the lower shaft pore volume is smaller with the single shaft, the amount of brine that flowed up the shafl is reduced

proportionately. (Although there were a few realizations in which brine initially flowed downward but later

reversed direction, as in the base case, the total upward flow was still less than 5 m3.)

The amount of brine that flows out through the anhydrite layers is negligibly different when the shatl is

modeled as a single shaft the size of the Salt Handling Shaft compared to modeling it as all four sha!ls combined.

Brine flow up the shaft is proportionately smaller when a single shaft is used. Thus, shaft diameter has no effect on

releases of contaminated brine as far as 40 CFR 191 B is concerned.

4.2.3 Gas Flow Behavior

As with brine flow, gas flow is largely determined by the behavior of the repository. The shaft has only a

minor impact on repository behavior, since it is more than 600 m away, whereas the anhydrite layers provide flow

paths of much greater capacity. Thus, the same conclusions arrived at with the base case hold true for the single-

shaft case. Cumulative gas flows out each of the anhydrite layers are nearly identical with the base case: Maximum

southward gas flows past the Disposal unit boundary in MB 139 are 1.30 x 106 m3 in both cases; southward flows

out of anhydrite a + b are 1.65 x 106 m3. Only in MB 138 are maximum flows slightly lower: 1.65 x 106 m3 versus

1.72 x 106 m3 in the base case. In the single-shaft calculations, gas flows into the Culebra in twelve realizations,

compared with six realizations in the combined-shafts case. However, the maximum cumulative gas flow are now

1.9 x 104 m3, instead of 1.4 x 105 m3 with combined shafls. With a single shaft, the average cumulative gas flow is

5400 m3 (for 12 realizations), which is about one-fourth of the four-shaft average, 22,900 m3 (for 6 realizations).

The main difference when using a smaller versus a larger shaft is the flow up through the shaft seal, Figure 4-

38. The obvious difference is the smaller cumulative flows through the seal. The maximum is now 30,000 m3,

compared with 194,000 m3 in the base case. In both cases, there were 37 realizations in which the cumulative flow

was greater than I m3. The average flow among those 37 was 4500 m3, compared with 12,400 m3 in the base case.

4.3 Four-Shaft Equivalent Geometry without Dynamic Creep Closure

This set of calculations is identical to the base case, with all four shafts combined into one, except that the

repository does not undergo creep closure. Instead, the initial porosity is set at 19?4.,which is the median final

closed porosity of the repository. Small changes in porosity are allowed as a result of compressibility effects.

However, unlike the case of dynamic creep closure, in which the repository porosity varies from an initial value of

66°A to as low as 12%, the “fixed porosity” varies by no more than 1.2 percentage points from its initial value (i. e.,

from 19 to 20.2Yo). This has a major effect on the behavior of the repository, especially on pressures within the

repository. However, the net effect over the 10,000-yr compliance period is negligible, because, ultimately, what
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Figure 4-37. Cumulative Upward Brine Flow through Shaft Seal, Single Shaft Model
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1 drives gas migration is the number of moles of gas generated in the waste, which is primarily dependent on the

2 amount of brine present there initially. Conditional on the conceptual models and parameter distributions used in

3 these analyses, results described have suggested that detailed modeling of the dynamics of creep closure maybe

4 unnecessary.

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

4.3.1 Repository Behavior

Pressures in the waste generally peak at much higher values than in the calculations with dynamic creep closure

(Figure 4-39). In order to maintain the gas generation potential in the fixed porosity calculations to be the same as

in the dynamic creep closure calculations, the same initial repository brine volume is used. This results in

approximately the same amount of gas being generated. (Compare Figures 4-40 and 4-7). With dynamic creep

closure, final porosities greater than the median value are otlen obtained, particularly when large amounts of gas are

generated and pressures are relatively high. In fact, in one dynamic closure realization, the repository is forced open

to 34°A porosity atler closing down to 210A. When the porosity in this realization is fixed at 190A,the pressure is

proportionately higher. Instead of peaking at 23.8 MPa, it now peaks at 38.8 MPa. At the other extreme, some

realizations that result in very low porosities with dynamic closure (as low as 11.60A) because little gas is generated

now have lower pressures because the porosity is fixed at 19°/0. Over time, the differences become less significant.

Afier 10,000 yr, pressures within the repository range from 5.8 to 22.3 MPa using dynamic creep closure, compared

with 4.0 to 29.2 MPa with fixed porosities. Even more similar are the averages over the 70 realizations: 14.9 MPa

with dynamic closure versus 14.2 MPa with fixed porosity. Thus, it would be expected that a few realizations will

display significantly different behavior, but that overall, the results using fixed porosity will not differ much from

usirtg dynamic creep closure.

Other performance measures for waste behavior are less affected by the dynamics of porosity changes. Based

on the data currently available, gas generation is modeled as a direct function only of brine saturation, not of

pressure. As shown earlier, the amount of gas generated, as well as the rate, is strongly influenced by the amount of

brine present initially and relatively little by the amount of brine that flows into the repository over time. Porosities

and pressures therefore have little effect on the amount of gas generated. Since gas generation is unaffected, the

amount of reactants remaining in the waste overtime is also unaffected by how the porosity of the waste is modeled.

4.3.2 Brine Flow Behavior

Differences in how the waste porosity is modeled should manifest themselves in fluid flow behavior outside the

waste, as a result of differences in peak pressures. Because the initial brine volume is fixed between the two sets of

calculations, the initial brine saturation is about 3.5 times higher in the fixed-porosity calculations. Whereas the

original brine saturations range from zero to 0.14, where the maximum is half the residual brine saturation, now the

initial saturations ranges as high as 0.48, well above residual saturation. This enables brine to flow from the waste

in several of the realizations from the start (Figure 4-41), in contrast to the dynamic closure model, in which brine

could flow out of the waste only afier the repository has crept shut enough to raise the brine saturation above

residual. (Brine could also flow out after first flowing in; this behavior is seen in both models.) With the porosity

fixed, the number of realizations in which there is a net positive flow of brine from the repository is larger (25

versus 19), and the maximum outflow is greater ( 13,300 m3 compared with 11,400 m3 with dynamic closure).

While this constitutes a larger source of contaminated brine, the key measure remains the distance this brine flows
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Figure 4-39. Volume Average Pressure in the Waste Repository, Fixed Waste Porosity Model.
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Figure 4-40. Cumulative Gas Volume Generated (at 30 ‘C;O.101 MPa), Fixed Waste Porosity Model.
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Figure 4-41. Cumulative Brine Flow from the Waste Repository, Fixed Waste Porosity Model. (Positive values

indicate flow away from the repository.)
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toward the disposal-unit boundaries, and whether it reached the boundaries. In the fixed porosity results, the

maximum cumulative brine flows out each of the anhydrite layers in the southern direction are 7200 ms out MB 139

(the lowest curve in Figure 4-42, outflow occurs only after approximately 600 yr), zero out anhydrite a + b layer

(Figure 4-43), and 540 m3 out MB 138 (Figure 4-44). These values differ little from the dynamic closure results

reported in Section 4.1.2 (6700 m3 for MB 139, zero for anhydrite a + b, and 520 m3 for MB 138). In MB 139, the

realization having the greatest outflow has an anhydrite porosity of 0.0041 and a residual saturation of 0.20, both

sampled parameters. Thus, the residual brine in MB 139 out to the disposal-unit boundary is 12,500 m3. Even if all

of the brine flowing out MB 139 is contaminated, it will not even occupy all the volume required for residual brine

saturation, and will not reach the disposal-unit boundary. Residual brine occupies 2650 m3 of pore volume in

MB 138 between the repository and the southern boundary in the realization with the maximum brine outflow, so,

again, the amount of potentially contaminated brine flowing south out MB 138 will not reach the boundary. The

maximum upward brine flow through the shaft seal (Figure 4-45) is 58 m3, somewhat more than the 40 m3 in the

dynamic closure calculation, but still not enough to fill the lower shaft to the top of the Salado. Thus, none of the

brine flow performance measures shows any significant difference between dynamic creep closure and fixed waste

porosity.

4.3.3 Gas Flow Behavior

Cumulative gas flows out the anhydrite layers and through the shaft seal are similarly unaffected by repository

porosity dynamics. The high peak pressures that are obtained when the waste porosity is fixed occur because the

low permeability of these pathways prevents significant outflow of gas from the waste. It is only when the

permeability of the anhydrite is high that large volumes of gas can flow out these pathways, and in those cases, the

driving pressure remains relatively low. As pointed out earlier, it is ultimately the amount of gas generated that

causes the driving force for gas migration from the repository. After 10,000 yr, the pore volume of the waste differs

little regardless of how the pore volume dynamics are modeled because nearly the same final porosity is attained, so

the quantity of gas generated and the permeability of flow paths away from the waste are the controlling factors in

determining how far gas migrates. Figures 4-46,4-47,4-48, and 4-49 show the amount of gas that flows past the

disposal-unit boundary in MB 139, anhydrite a + b, MB138, and the shaft seal, respectively. Comparing these with

their counterparts in Section 4.1.3 shows that the number of realizations in which gas migrated past the boundary is

the same and the total volumes are insignificantly different. Thus, none of the gas flow performance measures

shows any significant difference between fixed waste porosity and dynamic creep closure as currently modeled.

This conclusion may change when pressure-dependent fracturing of anhydrite interbeds is included in future

performance assessments, potentially lowering peak repository pressures and allowing for additional gas migration.
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Figure 4-42.
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Cumulative Brine Flow South out MB 139, Fixed Waste Porosity Model. (Positive values indicate

flow southward away from the repository.)
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Figure 4-43.
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Cumulative Brine Flow South out Anhydrite Layers a + b, Fixed Waste Porosity Model. (Negative

values indicate flow northward toward repository.)
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Figure 4-44,
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Cumulative Brine Flow South out MB 138, Fixed Waste Porosity Model. (Negative values indicate

flow northward toward repository.)
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Figure 4-45.
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Cumulative Upward Brine Flow through Shaft Seal, Fixed Waste Porosity Model. (Positive values

indicate flow upward through shaft seal.)

4-58



4.3 Four-Shaft Equivalent Geometry without Dynamic Creep Closure

‘E

‘o
.

0.0

-0.2

-0.4
x
+

$ -0.6

3
0 -0.8
-1
u
(./)

-1.0
5
z
3
0 -1.2

-1.4
012345678 9 10

TIME (l@ yr)

mwi42-2792-o

Figure 4-46. Cumulative Gas Flow South in Marker Bed 139 Past the WIPP Boundary (at 30 “C; 0.101 MPa),

Fixed Waste Porosity Model. (Negative values indicate flow southward away from repository.)
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South in MB138 Past the WIPP Boundary (at 30 ‘C; 0.101 MPa), Fixed

(Negative values indicate flow southward away from the repository.)
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Figure 4-49. Cumulative Upward Gas Flow through Shaft Seal (at 30 ‘C; 0.101 MPa), Fixed Waste Porosity

Model.
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5. UNCERTAINTY AND SENSITIVITY ANALYSIS RESULTS

Uncertainty and sensitivity analyses were performed to determine factors that affect gas generation and

movement of gas and brine away from the repository. The uncertainty and sensitivity analyses in this presentation

use techniques based on Latin hypercube sampling, including examination of scatterplots, partial correlation

analysis, and stepwise regression analysis. Specific performance measures examined were cumulative gas and brine

flows out through the three anhydrite layers to the south of the reposito~, cumulative gas and brine flows up

through the shafl seal and the distance that gas flowed out through the three anhydrite layers. Ordy the base case, in

which the four shafts were combined into one, was analyzed. Gas and brine flows to the north of the repository

were not analyzed because they were generally smaller and, therefore, of less importance from a regulatory

standpoint. Also examined were various measures of the behavior of the repository itself, including cumulative gas

generation by means of corrosion and biodegradation, pressure in the repository, and repository pore volume.

These were analyzed to show how gas generation is affected by variability in the sampled parameters, because gas

generation is the driving force behind gas and brine migration away from the repository in the undisturbed scenario.

The results show that the most important parameter affecting gas and brine migration from the repository is the

initial brine saturation in the waste. This one parameter has the greatest impact on total gas generation, which

effectively controls gas and brine flow into and out of the waste. Other important parameters include the gas-

generation rates for corrosion and biodegradation under inundated conditions and the biodegradation stoichiometry.

These parameters also affect gas generation, but are secondary to initial brine content in determining the total

amount of gas produced. Over the 10,OOO-yrregulatory period, it is the total volume of gas generated, rather than

transient behavior such as pressure in the repository, that most affects how far gas and brine migrate. Thus, rates of

gas generation are most important only if sufficient brine is available to consume all the reactants in the waste.

Biodegradation stoichiometry (i. e., the moles of gas produced per mole of cellulose consumed) is important

because its sampled range extends to zero, which can completely nullify the effect of biodegradation. Because the

amount of gas produced by biodegradation is directly proportional to the stoichiometric coefficient, gas generation

by biodegradation can vary greatly, and, all other things being equal, this parameter can have a major impact. The

only other parameter of significance was the shafi-seal permeability, which, for the range sampled, impacts gas

flow, but not brine flow, up the shatl These conclusions are valid only over the ranges of all the parameters used in

the calculations and within the limits of the conceptual and numerical models.

Numerous sampled parameters had no noticeable effect on any of the performance measures. These include all

four of the relative permeability model parameters (Brooks-Corey exponent, Brooks-Corey weight factor, residual

brine saturation, and residual gas saturation for all regions except the waste), the far-field pressure in MB 139, the

shaft seal thickness, drift seal permeability, shaft porosity, and Culebra porosity. As modeled, drift seals were not

effective; higher-permeability DRZ layers above and below the drifl seals allowed gas and brine to flow around,

rather than through the drift seals, so performance was insensitive the permeability of the seals. The porosity of the

Culebra was also not tested adequately, because little gas and no brine from the waste reached the Culebra; when

few realizations result in nonzero flow, the sensitivity to porosity cannot be properly analyzed.
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1 The remaining 10 sampled parameters had, at most, a minor effect on these performance measures. These

2 parameters include: the gas-generation rates for corrosion and biodegradation under humid conditions; corrosion

3 stoichiome~; the initial volume fractions of biodegradables and metals in the waste; the porosity of anhydrite

4 interbeds; the DRZ porosity; the permeabilities of halite and the shaft seal during the first 200 yr; and the

5 permeability of the shaft between the shaft seal and the Culebra during the first 200 yr.

6 These results are strongly dependent on the conceptual models that are currently used. If the conceptual models

7 were modified, the results could differ from those presented here.

8 Each of the performance measures is discussed separately below.
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5.1 Sensitivity Analysis Techniques

The purpose of sensitivity analysis is to determine the relationships between the uncertainty in the independent

variables used in an analysis and the uncertainty in the resultant dependent variables. Uncertainty analysis provides

measures of the uncertainty in estimates for dependent variables of interest, including means, variances, and

distribution tlmctions. A formal uncertainty analysis is not presented here because such an analysis is not

particularly useful in determining relationships among variables. However, uncertainty analysis is incorporated in

the sensitivity analysis. This section describes briefly the sensitivity analysis techniques used, including

scatterplots, stepwise regression analysis, and partial correlation analysis. A more detailed discussion of these

techniques and their application to the WIPP project can be found in Helton et al. (1991).

The generation of scatterplots is the simplest sensitivity analysis technique. This approach consists of

generating plots of dependent variable value versus independent variable value, with each point on the plot

representing one realization. When there is no relationship between the independent and dependent variable, the

individual points will be randomly spread over the plot. In contrast, the existence of a well-defined relationship

between the independent and dependent variable often will be revealed by the distribution of the individual points.

The examination of such plots when Latin hypercube sampling is used can be particularly revealing because of the

full stratification over the range of each independent variable. For each dependent variable examined in this

chapter, scatterplots are presented only for the two most influential independent variables. As the contribution of

additional independent variables to the variability of the dependent variable decreases, the distribution of points in

the scatterplots becomes more random and less usefid, so additional plots are not presented.

In stepwise regression analysis, a sequence of regression models is constructed. The first regression model

contains the single independent variable that has the largest impact on the dependent variable. The second

regression model contains the two independent variables that have the largest impact on the dependent variable —

the independent variable from the first step plus whichever of the remaining variables has the largest impact on the

variation not accounted for by the first step. Additional models in the sequence are constructed in the same manner

until a point is reached at which further models are unable to increase meaningfully the amount of variation in the

dependent variable that can be accounted for. The order in which the variables are selected in the stepwise

procedure provides an indication of variable importance, with the most important variables being selected first, the

next most important variable being selected second, and so on. The R2 values (coefficients of determination)

indicate how much variation in the dependent variable can be accounted for by all variables selected through that
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another step in the regression analysis. When the variables are independent and uncorrelated, as they are assumed

to be here, the differences in the R2 values for each step in the regression models equals the fraction of the total

variability in the dependent variable that can be accounted for by the individual independent variable added at each

step. When the variation about the regression model is small, the corresponding R2 value is close to 1, which

indicates that the regression model is accounting for most of the variability in the dependent variable. Conversely,

an R2 value close to zero indicates that the regression model is not very successful in accounting for the variability

in the dependent variable. In addition to R2 values, standardized regression coefficients (SRCS) in the individual

regression models provide an indication of variable importance, and the sign of the SRC indicates whether the

independent and dependent variable tend to increase and decrease together (a positive SRC) or tend to move in

opposite directions (a negative SRC).

The statistical program, STEPWISE (Iman et al., 1980; Rechard, 1992), was used to evaluate variable

importance using the stepwise regression procedure on rank-transfonned data. Regression analyses of-ten perform

poorly when the relationships between the independent and dependent variables are nonlinear. Poor linear fits to

nonlinear data can often be avoided when the data are replaced with their corresponding ranks and the regression

procedures are performed on these ranks (Iman and Conover, 1979). In most cases, the analyses were tried with

both raw and ranked data. The rank regressions generally gave better results, meaning that the rank regression

models could account for higher percentages of the observed variability in the dependent variables. Only the rank

regression analyses are reported, although raw data are shown in the scatterplots.

Stepwise regression analyses were performed on results at the end of the 10,OOO-yrsimulations. Tables 5- I and

5-2 summarize the variables used in the stepwise regression analysis. It is necessary to have some criterion to stop

the regression model construction process. These are discussed in Helton et. al. (1991). In the analyses reported

here, an a-value of 0.02 was used to add a variable to the regression model and a value of 0.05 to drop a variable

from the model. (The a-value is the probability of obtaining a stronger relationship than the one identified in the

analysis as a result of chance variation.) In addition, the Predicted Error Sum of Squares (PRESS) criterion was

used to protect against overfit.

Partial correlation analysis provides measures of the linear relationship between a dependent variable and an

independent variable when the linear effects of the other independent variables are removed. When a well-defined

linear relationship exists between an independent variable and a dependent variable, the partial correlation

coefficient will be close to + 1 or -1, regardless of the distribution assigned to the independent variable or the

magnitude of the impact that the independent variable has on the dependent variable. A positive partial correlation

coefficient indicates that two variables tend to increase and decrease together, whereas a negative correlation

coefficient indicates that, as one variable increases, the other decreases. Partial correlation coefficients were

calculated using time-dependent results, such as those shown in figures in Chapter 4, and show how the impact of

different independent variables changes over time. These analyses complement the stepwise regression analyses,

which provide more detailed statistics but at a single time. Note that because variables change in importance

through time the regression analyses and partial correlation coefficient analyses may identify different variables as

being important.

The partial correlation analyses were done using the statistical module PCCSRC (Iman et al., 1985; Rechard,

1992). As with the stepwise regression analyses, these analyses were performed on rank-transformed data. For

each dependent variable, a plot of the partial rank correlation coefficients is presented that shows the time

dependence of the coefficient for the four most influential independent variables.
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Table 5-1. Latin Hypercube Sampled Independent Variables Used in Stepwise Regression and Partial

Correlation Analysesa

Independent
Variables

LHS
No. Description

BCBRSAT

BCEXP

BCFLG

BCGSSAT

BKFLPOR

BRSAT

CULPOR

DSEALPRM

GRCORHF

GRCORI

GRMICHF

GRMICI

MBPERM

MBPOR

MBPRES

SALPERM

SEALPRM1

SEALPRM2

13

11

12

14

26

1

27

25

3

2

6

5

15

16

18

10

22

23

Residual brine saturation in all regions except waste

Brooks-Corey exponent

Brooks-Corey/van Genuchten-Parker weighting factor

Residual gas saturation in all regions except waste

Porosity of backfill material in drifts, the experimental region,

and in the shaft below the seal

Initial brine saturation in waste

Culebra porosity

Permeability of drift seals

Humid corrosion rate factor

Inundated corrosion rate

Humid biodegradation rate factor

Inundated biodegradation rate

Log of anhydrite interbeds permeability

Undisturbed anhydrite interbeds porosity

Far-field pressure in MB139

Intact Salado halite permeability

Initial shaft seal permeability

Shaft seal permeability after 200 yr
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Table 5-1. Latin Hypercube Sampled Independent Variables Used in Stepwise Regression and Partial

Correlation Analyses (Concluded)

Independent
Variables

LHS
No. Description

SEALTHK

SHFTPRM

STOICCOR

STOICMIC

TZPORF

VMETAL

VWOOD

21

24

4

7

17

9

8

Shaft seal thickness

Permeability of shaft-fill material above shaft seal

Corrosion stoichiometry factor

Biodegradation stoichiometric coefficient

Factor used in calculating DRZ and transition zone porosity

initial volume fraction iron in waste

Initial volume fraction cellulose in waste

a Ranges of values for independent variables are given in Table 3-1. Sampled values are given in

Appendix B

Table 5-2. Latin Hypercube Sample Dependent Variables Used in Stepwise Regression and Partial

Correlation Analyses

Dependent
Variables Description

BIOCONT Cellulose remaining in waste

BRNANHSC Cumulative brine flow south of repository out anhydrite layers a + b

BRNMB8SC Cumulative brine flow south of repositoy out MB138
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Table 5-2. Latin Hypercube Sample Dependent Variables Used in Stepwise Regression and Partial

Correlation Analyses (Continued)

Dependent
Variables Description

BRNMB9SC

BSHSLUPC

BWSTC

FECONT

GASANHSC

GASGENVC

GASMB8SC

GASMB9SC

GASCULTC

GDSTANHS

GDSTCULS

GDSTMB8S

GDSTMB9S

GSHSLUPC

GWSTC

PORVOLW

PRESWAST

QRGBIOVC

QRGCORVC

QRHCUMGB

Cumulative brine flow south of repository outMB139

Cumulative brine flow up through shaft seal

Cumulative brine flow from waste

Iron remaining in waste

Cumulative gas flow south of repository out anhydrite layers a + b

Cumulative gas generated by corrosion and biodegradation

Cumulative gas flow south of reposito~ out MB138

Cumulative gas flow south of repositoy out MB139

Cumulative gas flow into Culebra from shaft

Distance from waste that gas flowed south in anhydrite layers a + b

Distance from shaft that gas flowed south in Culebra

Distance from waste that gas flowed south in MB138

Distance from waste that gas flowed south inMB139

Cumulative gas flow up through shaft seal

Cumulative gas flow from waste

Pore volume in waste

Average pressure in waste

Cumulative gas generated by inundated and humid biodegradation

Cumulative gas generated by inundated and humid corrosion

Cumulative gas generated by humid biodegradation
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Table 5-2. Latin Hypercube Sample Dependent Variables Used in Stepwise Regression and Partial

Correlation Analyses (Concluded)

Dependent
Variables Description

QRHCUMGC

QRSCUMGB

QRSCUMGC

SBAVW

5.2

Cumulative gas generated by humid corrosion

Cumulative gas generated by inundated biodegradation

Cumulative gas generated by inundated corrision

Volume-average brine saturation in waste

Gas Generation and Repository Performance

In this section, factors that affect gas generation are examined. The focus is on parameters influencing

corrosion and microbial degradation. In addition, variables that affect repository performance, including pressure,

reactant concentrations, pore volume, and brine saturation, will be determined. Although gas generation and

repository behavior are not compliance measures per se, it is usefhl to know how these are affected so that they can,

if necessary, be controlled.

5.2.1 Gas Generation from Inundated Corrosion

The regression analysis results in Table 5-3 are for cumulative gas generation resulting from inundated

corrosion over 10,000 yr. The first variable selected in the analysis is BRSAT, the initial brine saturation in the

waste, which has a positive regression coefficient and can account for 49°/0 of the variability in gas generation by

inundated corrosion. The partial rank correlation coefficients shown in Figure 5-1 further support the

dominatingeffect that initial brine saturation has on inundated corrosion. This result is discussed in Section 4.1.1, in

which it is apparent even in the behavior of brine saturation in the repository over time that initial brine saturation is

the controlling factor.

The next variable selected in the regression analysis is GRCORHF, the humid corrosion rate factor that is

multiplied by the inundated rate to give the actual humid corrosion rate. This variable has a negative regression

coefficient, indicating that it has an inhibiting effect on gas generation by inundated corrosion. This effect

continues increasingly over the 10,000-yr simulation period, as shown in the plot of partial rank correlation

coefficients in Figure 5-1. This increasing effect occurs because humid corrosion competes with inundated

corrosion. It dominates inundated corrosion, especially later on, because inundated corrosion is limited by the

amount of brine present. As long an any amount of brine is present, humid corrosion can proceed at a rate that is

proportional to the gas saturation, Except at early times when the brine saturation is relatively large it is more

common for the waste to be mostly dry, so humid corrosion will generate gas faster than inundated corrosion. The

humid corrosion rate factor contributes another 20% of the variability in gas generation by inundated corrosion.
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Figure 5-1. ScatterPlots and partial rank correlation coefficients for gas generation from inundated corrosion.
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5.2 Gas Generation and Repository Performance

The other two variables selected in the analysis, MBPERM (anhydrite permeability) and GRCORl (inundated

corrosion rate), play a relatively minor role in affecting inundated corrosion. The small effect of the inundated

corrosion rate on inundated corrosion is, in part, a result of the current model used for gas generation and corrosion,

in which the inundated rate is proportional to the brine saturation. Because brine saturation tends to decrease over

time, the net inundated rate decreases, becoming relatively unimportant after 10,000 yr. These results may not hold

true using a different corrosion model, but sufficient data do not yet exist to wamant changing the model.

Scatterplots relating cumulative gas generation to the two dominant variables, BRSAT and GRCORHF, are

shown in Figure 5-1. While these two together account for 69°/0 of the variability in gas generation by inundated

corrosion, it is apparent from these plots that neither variable is a reliable predictor of gas generation, even though

some correlation is evident.

Table 5-3. Stepwise Regression Analysis with Rank-Transformed Data for Total Gas Production

Resulting from Inundated Corrosion (QRSCUMGC)

Step Variable

1 BRSAT

2 GRCORHF

3 MBPERM

4 GRCORI

Description

Initial brine saturation in waste

Humid corrosion rate factor

Log of anhydrite interbeds

permeability

Inundated corrosion rate

SRCa R2b

0.68 0.49

-0.47 0.69

0.25 0.75

0.16 0.78

a Standard regression coefficients (SRC) for variables in the regression model at each step

b R2 value for the regression model at each step

5.2.2 Gas Generation from Humid Corrosion

Unlike gas generation by inundated corrosion, gas generation by humid corrosion is a fairly strong function of

the rate of humid corrosion. (See Volume 3, Section 3.3.5 for a description of the current gas generation model and

parameters used in the model.) In Table 5-4, the first variable selected in the regression analysis for gas generation

by humid corrosion is GRCORHF, the factor multiplying the inundated rate to obtain the humid corrosion rate.

This variable accounts for 64V0 of the variability in gas generation by humid corrosion. The next variable selected

is the inundated corrosion rate, GRCORI. Together, these rate parameters account for 75’% of the variability. The

regression coefficient for GRCORI is positive now, because humid corrosion does not occur unless inundated

corrosion is taking place at the same time. Recall that the corrosion model requires brine to be present for humid

corrosion to occur, even though the humid corrosion rate is modeled as proportional to gas saturation.
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The initial brine saturation in the waste, BRSAT, is a less-important variable, accounting for only an additional

8’XOof the variability in gas generation by humid corrosion. The plot of partial rank correlation coefficients in

Figure 5-2 shows that BRSAT had a negative effect at first, becoming significantly positive only after about 3000

yr. This results from the changing relative importance of inundated corrosion compared with humid corrosion.

Initially, when the brine saturation is usually highest, the total reaction rate is dominated by the inundated reaction.

Later, as the brine saturation in the waste decreases, having been consumed predominantly by inundated corrosion,

humid corrosion becomes more important.

Scatterplots of the first two variables selected in the regression analysis, Figure 5-3 show some clear trends for

the first variable, GRCORHF. The correlation is much weaker for the second variable, GRCORL

Table 54. Stepwise Regression Analysis with Rank-Transformed Data for Total Gas Production

Resulting from Humid Corrosion (QRHCUMGC)

Step Variable Description SRC R2

1 GRCORHF Humid corrosion rate factor 0.79 0.64

2 GRCORI Inundated corrosion rate 0.32 0.75

3 BRSAT Initial brine saturation in waste 0.29 0.83

5.2.3 Gas Generation from Inundated and Humid Corrosion

When both inundated and humid corrosion are considered together, the regression analysis selects BRSAT fwst,

accounting for 56°A of the variability in gas generation by corrosion. This suggests that corrosion under inundated

conditions contributes more to the amount of gas produced by corrosion than humid conditions, since BRSAT has a

strong positive impact on inundated corrosion, but only a weak effect on humid corrosion. The scatterplot relating

cumulative gas generation by corrosion to initial brine saturation in the waste, Figure 5-3, shows a clear trend, even

more so than for inundated corrosion alone, with the amount of gas generated increasing as the initial brine

saturation increases. The plot of partial rank correlation coefficients in Figure 5-3 shows that BRSAT has a strong

effect throughout the 10,000 yr, although other variables were slightly more important at first, when inundated

corrosion was not yet inhibited by a lack of brine.

The inundated corrosion rate, GRCORI, was selected next, accounting for an additional 11?40 of the variability

in gas generation by corrosion. The scatterplot relating cumulative gas generation by corrosion after 10,000 yr to ‘

inundated corrosion rate in Figure 5-3, however, shows only the slightest of trends to increasing gas generation as

the rate increases. As shown in the plot of partial rank correlation coefficients, Figure 5-3, GRCORI has the greatest

impact during the first 3000 yr, when adequate sources of brine remain from the initial brine saturation. Its

influence gradually decreases from the start, as brine is consumed.
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Figure 5-2. ScatterPlots and partial rank correlation coefficients for gas generation from humid corrosion.
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5.2 Gas Generation and Repository Performance

The regression analysis (Table 5-5) selected three more variables as having some measurable effect on total gas

generation by corrosion: MBPERM, the permeability of anhydrite interbeds; STOICCOR, a factor that determines

the relative importance of two corrosion reactions and thus the stoichiometry for corrosion; and GRCORHF, the

humid corrosion rate factor. Together, these three account for an additional 12% of the variability in gas generation

by corrosion. The linear correlation with five variables accounts for 79’%0of the variability. STOICCOR has a

negative correlation coefficient, indicating that as this variable increases, gas generation decreases. This occurs

because the corrosion stoichiometric coefficient, or the moles of gas generated per mole of iron consumed,

decreases as STOICCOR increases: the stoichiometric coefficient has a value of 1.333 when STOICCOR is 1.0, and

a value of 1.0 when STOICCOR is O. The minor effect of STOICCOR stems from the relatively narrow range of

values taken by the stoichiometric coefficient. Anhydrite permeability has a small effect on gas generation by

affecting the amount of brine that can flow into the repository and contribute to additional corrosion. As discussed

in Section 4.1.1, little brine flows into the waste in general, so the effect is not great.

Table 5-5. Stepwise Regression Analysis with Rank-Transformed Data for Total Gas Production

Resulting from Both Inundated and Humid Corrosion (QRGCORVC)

Step Variable

1 BRSAT

2 GRCORI

3 MBPERM

4 STOICCOR

5 GRCORHF

Description SRC R2

Initial brine saturation in waste 0.74 0.56

Inundated corrosion rate 0.33 0.67

Log of anhydrite interbeds 0.24 0.73
permeability

Corrosion stoichiometry factor -0.17 0.76

Humid corrosion rate factor 0.16 0.79

5.2.4 Gas Generation from Inundated Biodegradation

The sensitivity analysis done for gas generation by corrosion is repeated for gas generation by biodegradation.

For inundated biodegradation, the regression analysis in Table 5-6 selected STOICMIC, the biodegradation

stoichiometric coefficient, as the most important variable. This variable accounts for 36°/0 of the variability in gas

generation by inundated biodegradation. The scatterplot relating cumulative gas generation to this variable, Figure

5-4, shows a definite trend, with the amount of gas generated increasing as STOICMIC increases. This result is

exactly as expected, since this is the definition of the stoichiometric coefficient (moles of gas produced per mole of

cellulose consumed).
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5. Uncertainty and Sensitivity Analysis Results

This analysis found eight variables having a measurable effect, although the additional influence of each of the

last five is very slight. As with inundated corrosion, biodegradation under inundated conditions requires brine to be

present, although biodegradation is currently assumed not to consume water. Thus, the next most important

variable selected is BRSAT, which shows a trend similar to that for STOICMIC, but less pronounced. As expected,

the inundated biodegradation rate, GRMICI, is one of the more important variables, but it is surprising that it

accounts for only 80/0of the variability in gas production by inundated biodegradation, As the partial rank

correlation coefficient plot in Figure 5-4 shows, GRMICI was the dominant variable early, but its influenced

decreased steadily over the first 1000 yr as brine in the waste was consumed. In addition, as seen earlier in Figure

4-6, much of the cellulose in the waste was fully consumed within that same time period, which explains why the

curves in the plot of partial rank correlation coefficients are flat atler about 1500 yr. GRCORHF has a negative

regression coefficient, indicating that humid corrosion competes with inundated biodegradation by consuming brine

needed for inundated biodegradation. As the partial rank correlation coefficient plot shows, GRCORHF becomes

significant only after the microbial rate becomes less significant. At later times, humid corrosion tends to consume

the remaining brine required for any further inundated biodegradation.

Table 5-6. Stepwise Regression Analysis with Rank-Transformed Data for Total Gas Production

Resulting from Inundated Biodegradation (QRSCUMGB)

Step Variable

1 STOICMIC

2 BRSAT

3 GRMICI

4 GRCORHF

5 BCEXP

6 GRMICHF

7 WOOD

8 SEALPRM2

Description

Biodegradation stoichiometric
coefficient

initial brine saturation in waste

Inundated biodegradation rate

Humid corrosion rate factor

Brooks-Corey exponent

Humid biodegration rate factor

Initial volume fraction cellulose
in waste

Shaft seal permeability after
200 yr

SRC R2

0.61

0.42

0.28

-0.22

0.18

0.20

-0.18

0.17

0.36

0.53

0.61

0.65

0.69

0.72

0.75

0.78
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Figure 5-4. Scatterplots and partial rank correlation coefficients for gas generation from inundated biodegradation.
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5. Uncertainty and Sensitivity Analysis Results

5.2.5 Gas Generation from Humid Biodegradation

The regression analysis in Table 5-7 is for cumulative gas generation by humid biodegradation. As with humid

corrosion, humid biodegradation, as currently modeled, requires brine to be present. However, as with inundated

biodegradation, it is assumed to consume no brine, in contrast to corrosion, in which both inundated and humid

reactions consume brine. The first variable selected in the regression analysis is STOICMIC, the biodegradation

stoichiometric coefficient. It accounts for only 29°/0 of the variability in gas generation by humid biodegradation,

making it somewhat less important here than in inundated biodegradation, although the scatterplot in Figure 5-5 still

shows a clear trend. As it was under inundated conditions, STOICMIC is important because it strongly affects the

amount of gas produced for a given amount of reactants. The second variable selected, GRMICHF (humid

biodegradation rate factor), contributes nearly as much as STOICMIC to the variability in cumulative gas generation

by humid biodegradation. The scatterplot for this variable also shows an apparent trend, but with more scatter than

shown by STOICMIC. The partial rank correlation coefficients in Figure 5-5 show STOICMIC becoming more

important apparently at the expense of the inundated biodegradation rate, GRMIC1, which dominated at first. The

inundated corrosion rate, GRCORI, has a very small positive effect on gas generation by humid biodegradation by

consuming brine, thereby increasing the gas saturation, which results in more gas production under humid, rather

than inundated conditions.

Table 5-7. Stepwise Regression Analysis with Rank-Transformed Data for Total Gas Production

Resulting from Humid Biodegradation (QRHCUMGB)

Step Variable

1 STOICMIC

2 GRMICHF

3 GRMICI

4 GRCORI

Description SRC R2

Biodegradation stoichiometric 0.55 0.29

coefficient

Humid biodegradation rate factor 0.50 0.53

Inundated biodegradation rate 0.34 0.64

Inundated corrosion rate 0.20 0.68

5-16



5.2 Gas Generation and Repository Performance

RAw
v, .

60 -
.

5.0 -

.

4.0 - .
.“

30 -
. .

. .
.*. .

20 - .“ .
.“. ,., .

.
. . . ..

10 -“. .”
. . . . . .

.% . . .
. . ..”.

...”.”.. . . . . .
00 j-l ● -i

0.00 0.25 0.50 075 1.00 125 1.50

BIODEGRADATTC44 STOICHICM4ETRIC COEFFICIENT
,. U.-.

RAw
-1 , r ! I . I

6,0 -
.

50 -

.

40 - .
..

30 -
. .

.“
“..”.

20 “.. ,
,.. ” ● . .

. . .. .
10 - “.

“. . ..””
“.” *,.” .“

.,ti. .“O
00 J-” ““ ..O

, , , ,

owl 0.03 006 Orm 0.12 015 016

HUMID S40DEGR4DATION RATE FACTOR
m.. -0

RA
.

..
. . .

. .
.

.“. . .
.. .

..
.

“.. .
.

. .

.“.
. . .

..
. . . .. .

. . “a
“.. .

. .
. .

.
.“

. .
.. .

.

.

1020242405060

Bl~EGWDATION STOICHIOMETWC COEFFICIENT
-..*,

RAM(
70 ~ , , , ,. , 0

.
. .

. .
.

so -
. . . . .

.“,
. .-

S47-
. .

0
.

. .
z .

0
. ..

~40 -
. . .

. .
. .

$= - . .

. .
.

. .
.

; . . . . . .

20 -.. .
. .

.
,. -

10 -
. .

. . .
,. .

. . .
0 . t , , , h , L
-o 10203O4OSGBO 70

lils#D Bk30EGF140AT10N RATE FACTOR
,,au, m,.

.... _.—. —.—
.’: .>.-...-...-...-.., -.”.- .—k ~uM;cnF . . . . . .

(“
1 sTOICMtC GRMICI -----

‘“---- ---~
----- --------

L RCOW

t
0 15 30 45 60 75 90

TIME (l& YM)
,mul, m.

Figure 5-5. Scatterplots and partial rank correlation coefficients for gas generation from humid biodegradation.



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

5. Uncertainty and Sensitivity Analysis Results

5.2.6 Gas Generation from Inundated and Humid Biodegradation

The regression analysis for cumulative gas generation by both inundated and humid biodegradation, shown in

Table 5-8, selected STOICMIC as the dominant variable in determining the variability of gas generation. It

accounts for 50°/0 of the variability. The scatterplot relating gas generation to biodegradation stoichiometry, in

Figure 5-6, confirms the strong influence that stoichiometry has on the amount of gas generated. Because

STOICMIC was most influential under both inundated and humid conditions, this result is not surprising.

The next variable selected, GRMICI, contributes another 14% to the variability in gas generation. GRMICI

plays a measurably significant, if minor, role because a large portion of the gas produced by biodegradation takes

place under inundated conditions. This can be deduced from Figures 4-2 and 4-6, which show the time-dependent

behavior of brine saturation in the waste and cellulose content remaining in the waste, respectively. However, its

scatterplot indicates that the effect is not very strong.

The influence of initial brine saturation, BRSAT, is understandable, because, in the absence of a large influx of

brine from outside the waste, initial brine saturation essentially provides the driving force for biodegradation.

However, it actually contributes very little to the variability of total gas generation from biodegradation, only

4%.The partial rank correlation coefficients in Figure 5-6 show the same trends as for inundated and humid

biodegradation separately, with the inundated rate, GRMICI, dominating at first, to be superseded later by

STOICMIC. This ordering of influence consistently occurs because, as brine and reactants (cellulose) are depleted,

the amount of gas produced per unit quantity of reactant has an increasingly greater impact on total gas generated,

whereas the rate becomes irrelevant. Gas generation per unit of reactant, as measured by the stoichiometric

coefllcient, also has a far greater impact than potential. The original basis for potential, VWOOD (the volume

fraction of cellulose in the initial inventory), has no discernible effect because the stoichiometry, which ranges from

0.0 to 1.67, completely determines how much of this initial cellulose inventory will be converted to gas. This will

be true as long as any cellulose is present initially. If the initial cellulose content of the waste were also varied over

a range that extended to zero, it could possibly become as important as STOICMIC in determining the variability in

Table 5-8. Stepwise Regression Analysis with Rank-Transformed Data for Total Gas Production

Resulting from Both Inundated and Humid Biodegradation (QRGBIOVC)

Step Variable

1 STOICMIC

2 GRMICI

3 BRSAT

4 GRCORHF

Description SRC R2

Biodegradation stoichiometric 0.70 0.50

coefficient

Inundated biodegradation rateor 0.38 0.64

Initial brine saturation in waste 0.23 0.69

Humid corrosion rate factor -0.18 0.72

5-18



5.2 Gas Generation and Repository Performance

105-,
RAw

.
. .

.
90 -

.
.

. . .

.“
~ 75 - .

“0 . . #
= . . .
~ 60 - ..O
3 .

: ,5 -
.

. .
%“

.

3
.

.

3
. .

“ 30 -
. .

. . . .
. . . . .

.
. . .

1.5 - . .
. . . .

r. . . . . .
.

0.0 7’
“.

-1
O.m 0.25 0 W 075 1.W 125 150

BIODEGR4DATKX4 STOICHIOMETRIC COEFFICIENT
m MI, %,..

RAw
b , r

. .
.

00 -
.

.
. . “

.

~ 75 -“.

“0= . . .
. . . . .

~ 60 -,m . .
e .
a .
0() 4s - . . . . .

.

:,0 -“”. .

.
.

z
.. . .

%“ “..
. .

15 - . . “. .
. .

● **. .
. .

00 “;. ,
.

n
024681012 1416

RANK
70 ~ r

“.
a7

.0
.

.“ . .
60 -

. . .
. .“

.
. .

w - . . .
. .

. . .
. .

40 - . .
. .

. .
“.. .

m -
.. .

.
.“O

. .
.

20 - .
“.
. .

,. .
. .

10 -.. ”
.

.“
. .

,. .

0-
, , , , , , b

0 10 303040506070

BIOOEGR4DATK3N STOICHIC+AETRIC COEFFICIENT
mua9, ,

RANK
70 ~ ., I , ., P

. .
,.”

. .
60 -

.. . . .
. .

. ..
50 - . “.

. .
. .

. .

40 -
.“

. ..
. .

. .
. .

30 - .
. ... .. ..

20 -“ . .
. .

. .
.

. .

10 -“.. “ .

. . .
. .

, .
n , . , , L
-O1O2O334OSI 6070

INUNDATED BIODEGRADATION RATE (1Oa md,lq . S) INuNDATED BIODEGRADATION RATE
me,, -, rm●M, -.

Figure 5-6.

lCOT , ,

. . . . . . . . . . . . . . . . . . . . . . . .

0.75 - . ..”

\

\

0s0 - “-”H”-”—”- —“-”—”-”-’-”—”-”—”-

025 BRSAT

Om .,

!
t<

-025 -,
-.

----------
---------------

450 -

L

475
GRCORHF

.,m~
00 30 60 00

TIME (Id ym)

,m.ti, m.

Scatterplots and partial rank correlation coefficients for gas generation from inundated and humid
biodegradation.

5-19



5. Uncertainty and Sensitivity Analysis Results

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

gas generation. However, cellulose will be present in some of the waste (as wood and paper products), and the

fraction of cellulosics in the initial waste inventory, VWOOD, is assumed to range from 0.284 to 0.484. Therefore,

the sampled value for initial cellulose content will always be nonzero, and its range will be relatively narrow

compared to the currently assumed range of stoichiometric coefficients.

The other two variables selected in the regression analysis contribute very little to the variability in gas

generation. BRSAT continues to have some influence, but is dominated by the stoichiometry and inundated

biodegradation rate. The correlation coefficient for GRCORHF is negative, indicating that it continues to show a

competing effect on gas generation by consuming brine that must be present for biodegradation to take place.

5.2.7 Gas Generation from Corrosion and Biodegradation

When gas generation by both corrosion and biodegradation are considered, the regression analysis, Table 5-9,

shows that the initial brine saturation of the waste is the dominant variable, accounting for 55°/0 of the variability in

the amount of gas generated. The plot of partial rank correlation coefficients in Figure 5-7 indicates that this is true

almost from the beginning. The scatterplot relating the amount of gas generated to initial brine saturation (Figure 5-

7) shows a clear trend. The biodegradation stoichiometry, which is dominant in determining gas generation by

biodegradation, also has a significant impact on the total gas generation, although the scatterplot is less convincing.

The inundated biodegradation rate, GRMICI, is a major influence at first, but, as cellulose is rapidly consumed, its

effect decreases greatly, as seen in the plot of partial rank correlation coefficients. The inundated corrosion rate is

also a dominant variable at first, but its influence gradually decreases over time, as the amount of gas generated

under more prevalent humid conditions increases.

Anhydrite permeability continues to show up in the regression analysis. Accounting for 5% of the variability in

gas generation, it is clearly not a dominant variable, but still cannot be ignored, because it controls the flow of brine

into the waste as well as the flow of gas out of the repository. Gas flow does not affect gas generation directly, but

when the pressure in the repository approaches that of the far field, it can strongly inhibit the influx of brine from

outside the waste. Higher anhydrite permeability over the range of sampled values can allow the pressure in the

repository to be relieved, in turn allowing more brine to flow inward. However, because the permeability is so low,

little brine can flow under any circumstances, and these mechanisms are relatively unimportant. Thus, the overall

impact of anhydrite permeability on gas generation is minor. Knowing that absolute permeability has only a small

effect over the range of sampled values, it is understandable that relative permeability has no discernible effect.

Neither of the relative permeability parameters, BCEXP and BCFLG, was selected in the stepwise regression

analysis. ScatterPlots relating cumulative gas generation to these two variables, Figure 5-8, show completely

random scatter and suggest no trends. These results reinforce the conclusions that brine flow has little effect on gas

generation and that the initial state of the waste, along with parameters directly affecting gas generation, largely

control how much gas is generated.
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5.2 Gas Generation and Repository Performance

Table 5-9. Stepwise Regression Analysis with Rank-Transformed Data for Total Gas Production

Resulting from Corrosion and Biodegradation (GASGENVC)

Step Variable Description SRC R2

1 BRSAT

2 STOICMIC

3 GRCORI

4 MBPERM

5 GRMICI

6 STOICCOR

Initial brine saturation in waste 0.73 0.55

Biodegradation stoichiometric 0.32 0.66

coefficient

Inundated corrosion rate 0.28 0.73

Log of anhydrite interbeds 0.20 0.78

permeability

Inundated biodegradation rate 0.16 0.80

Corrosion stoichiometry factor -0.15 0.83

5.2.8 Iron Remaining in the Waste

Analysis of other performance measures will help to understand the behavior of the repository. Table 5-10

shows the regression analysis for iron content remaining in the waste, FECONT. Initial brine saturation in the

waste, BRSAT, is the first variable selected, accounting for 610/0 of the variability in FECONT. The correlation

coefficient is negative, indicating, as expected, that the more brine present initially in the waste, the less iron will

remain after 10,000 yr. The corrosion rate under inundated conditions, GRCORI, also has some influence, but the

rate is sufficiently high that if the waste were fully inundated at all times, all of the iron would be consumed in most

realizations within 10,000 yr. As seen earlier with gas generation, potentials become more important over the long

term than rates. In the case of corrosion, initial brine content in the waste is one of these potentials, because so little

brine flows in from outside the waste. Another potential measure, VMETAL, the initial volume fraction of

corrodible metal in the waste, also shows up in the regression analysis, but accounts for only So/o of the variability in

FECONT because the limiting potential is the amount of brine available.

Anhydrite permeability, MBPERM, has a small effect, accounting for 4% of the variability in FECONT. The

correlation coefficient is negative, so higher permeabilities result in more iron being consumed, indicating that brine

influx does contribute to gas generation. However, because anhydrite permeability has so little influence on

remaining iron content, it is clear that brine influx has at most a minor impact on gas generation.
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5. Uncertainty and Sensitivity Analysis Results

The plot of partial rank correlation coeftlcients in Figure 5-9 illustrates the dominating effect that initial brine

saturation has on the amount of iron remaining in the repository.

The scatterplot relating iron content to initial brine saturation, Figure 5-9, shows the strong negative effect that

brine saturation has on the amount of iron that remains after 10,000 yr. The relationship between remaining iron

content and the next most influential variable, inundated corrosion rate, also in Figure 5-9, shows the large amount

of random scatter typical of an independent variable that accounts for only 110/0of the variability of a dependent

variable.

Table 5-10. Stepwise Regression Analysis with Rank-Transformed Data for Iron Remaining in the

Repository after 10,000 yr (FECONT)

Step Variable

1 BRSAT

2 GRCORI

3 VMETAL

4 MBPERM

5 GRCORHF

DescrirXion SRC R2

Initial brine saturation in waste -0.77 0.61

Inundated corrosion rate -0.33 0.72

Initial volume fraction iron in 0.20 0.75

waste

Log of anhydrite interbeds -0.18 0.79

permeability

Humid corrosion rate factor -0.17 0.82

5.2.9 Cellulose Remaining in the Waste

The amount of cellulose remaining atter 10,000 yr, B1OCONT, is not strongly dependent on any single

variable. The most influential, GRMICI, accounts for only 29°/0 of the variability in BIOCONT, as shown in the

regression analysis in Table 5-11. BRSAT appears once again, with nearly as much influence as the biodegradation

rate. The scatterplots for each of these two variables, Figure 5-10, show some correlation for GRMICI and less for

BRSAT. The partial rank correlation coefficients in Figure 5-10 show that these variables, as well as STOICMIC,

dominate at very early times, but their influence degrades over time.
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Table 5-11. Stepwise Regression Analysis with Rank-Transformed Data for Cellulosics Remaining in

the Repository (BIOCONT)

Step Variable Description SRC R2

1 GRMICI Inundated biodegradation rate -0.47 0.21

2 BRSAT Initial brine saturation in waste -0.42 0.38

3 GRCORHF Humid corrosion rate factor 0.25 0.45

4 STOICMIC Biodegradation stoichiometric 0.25 0.51

coefficient

5 GRCORI Inundated corrosion rate 0.22 0.56

5.2.10 Repository Pore Volume

Pore volume in the repository is of interest primarily as a measure of the impact of creep closure on reposito~

performance. The stepwise regression analysis (Table 5- 12) selected initial brine saturation in the waste as the first

variable, accounting for 57°A of the variability in PORVOLW. The strength of this correlation is confwed by the

scatterplot shown in Figure 5-11, in which there is a clear trend to increasing the pore volume as the brine saturation

increases. The effect is actually an indirect one. Higher initial brine saturation results in more gas being generated,

which in turn raises the pressure in the reposito~. This initially coincides with a decrease in pore volume. Thus,

the partial rank correlation coefficient, Figure 5- I I, shows that brine saturation initially has a negative correlation

with pore volume. However, as seen in Figure 4-3, the porosity in the waste quickly reaches a miminum and then

starts to increase again as the pressure continues to rise. The reduction in pore volume, in itself, contributes to this

pressure rise. Three other variables influence the pressure measurably at early times: STOICMIC, GRCORI, and

GRMICI. The impact of these variables decreases over time, leaving BRSAT to dominate over the 10,000-yr

period, as the plot of partial rank correlations shows. According to the creep closure model as currently

implemented, once the pressure begins to decline, the porosity is fixed (except for small compressibility effects).

Thus, the pore volume at 10,000 yr is strongly affected by the peak pressure attained, usually fairly early, which is

heavily influenced by initial brine saturation.
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Table 5-12. Stepwise Regression Analysis with Rank-Transformed Data for Pore Volume in the Waste

(PORVOLW)

Step Variable Description SRC R2

1 BRSAT Initial brine saturation in waste 0.75 0.57

2 STOICMIC Biodegradation stoichiometric 0.28 0.65

coefficient

3 GRCORI Inundated corrosion rate 0.23 0.70

4 GRMICI Inundated biodegradation rate 0.22 0.75

5.2.11 Average Brine Saturation in the Waste

The stepwise regression analysis (Table 5- 13) found seven variables that have some impact on the average

brine saturation in the waste, SBAVW, However, none of them alone contributes greatly to the variability.

ScatterPlots of the two variables that affect SBAVW most strongly, Figure 5-12, confirm that the relationships are

weak. The plot of partial rank correlation coefficients shows that, at first, initial brine saturation in the waste

dominates; by definition, there should be a perfect correlation initially. Later, as corrosion consumed brine, the

inundated corrosion rate has a strong influence. However, by 10,000 yr, no variable dominates, even though many

have some small effect.

Table 5-13. Stepwise Regression Analysis with Rank-Transformed Data for Average Brine Saturation in

the Waste (SBAVW)

Step Variable Description SRC R2

1 BRSAT Initial brine saturation in waste 0.39 0.14

2 GRCORI Inundated corrosion rate -0.36 0.26

3 TZPORF Factor used in calculating DRZ -0.29 0.35

and transition zone porosity
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Table 5-13. Stepwise Regression Analysis with Rank-Transformed Data for Average Brine Saturation in

the Waste (SBAVW) (Concluded)

Step Variable

4 SALPERM

5 STOICCOR

6 SHFTPRM

7 BCFLG

Description SRC R2

Intact Salado halite 0.29 0.41

permeability

Corrosion stoichiometry factor -0.28 0.49

Permeability of shaft-fill 0.23 0.54

material above shaft seal

Brooks-Corey/van Genuchten- -0.23 0.59

Parker weighting factor

5.2.12 Pore Pressure in the Waste

Because the pressure in the waste results from gas generation, the variables that affect gas generation, reactant

content, and pore volume should also affect pressure. The regression analysis, Table 5-14, confirms this. Once

again, the dominant variable is the initial brine saturation in the waste, accounting for 62°/0 of the variability in

repository pressure. The scatterplot relating pressure to initial brine saturation shows the strong correlation between

them. Two other variables have only minor impacts, although their influence was considerably greater at early

times, as shown by the partial rank correlation coefficients in Figure 5-13

Table 5-14. Stepwise Regression Analysis with Rank-Transformed Data for Average Pore Pressure in the

Waste (PRESWAST)

13

Step Variable

1 BRSAT

2 STOICMIC

3 GRMICI

Description

Initial brine saturation in waste

Biodegradation stoichiometric

coefficient

Inundated biodegradation rate

SRC R2

0.79 0.62

0.24 0.68

0.21 0.72
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5.3 Brine Flow

2

3

4

5

6

7

8

9

A key performance measure for the WIPP under undisturbed conditions is the amount of contaminants (either

radionuclides or hazardous chemical constituents) in brine that flows beyond the disposal unit boundaries. In the

absence of actual modeling of contaminant transport, surrogate key measures are simply the amounts of brine that

flow out the various flow paths from the repository, including the three anhydrite layers and the sealed shafts. In

this section, these performance measures are examined to determine which sampled parameters affect them. This

analysis provides insight into which parameters require more attention (and perhaps more measured data), and

which conceptual features of the model may require more sophisticated treatment. It also identifies parameters or

conceptual models that are nof important and can therefore be fhther simplified.

10 5.3.1 Cumulative Net Brine Flow from the Repository

II

12

13
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In Table 5-15, the regression analysis for cumulative net brine flow from the repository selected the initial brine

saturation of the waste as the first variable. The scatterplot relating brine flow to brine saturation, Figure 5-14,

shows brine flow tending to increase as initial brine saturation increases. Net brine flows out of the repository range

from -24,000 m3 to + I I ,400 ms, implying that some minimum initial brine saturation is necessary for brine to flow

out of the waste. Because the initial brine saturation is at most half of the residual brine saturation of the waste, the

initial saturation itself is not sufficient to cause flow from the waste. Rather, when more brine is present initially,

less inflow is required to exceed residual before allowing brine to flow out. Also affecting this correlation is the

creep closure model. Brine saturation is increased more rapidly and residual saturation is reached more quickly,

allowing some of the initial brine content of the waste to flow out in some realizations. Under these circumstances,

it is not necessary for any brine to flow in first, although, as seen in Figure 4-9, this does occur in some realizations.

The partial rank correlation coefficients in Figure 5-14 confirm that BRSAT is the dominant variable affecting net

flow from the waste.

23 Anhydrite porosity accounts for an additional 8% of the variability in brine flow from the waste. It has a
)

24 negative correlation coefficient, indicating that brine outflow decreases as the anhydrite porosity increases. Higher

25 porosities allow more brine to flow in toward the repository because the storage capacity of the anhydrite is greater,

26 so the distance over which the brine must travel is less. Similarly, brine flowing out of the repository must displace

27 brine in the anhydrite over a greater distance when the porosity is lower.

) 28 Anhydrite permeability also has a small influence on brine flow from the waste. It has a negative correlation

29 coefficient, as anhydrite porosity does, for the same reasons. High permeabilities contribute to brine flow in from

30 the far field. This brine inflow eventually tills the DRZ enough to allow brine to flow into the waste, where it may

31 be consumed by corrosion. Although some brine does flow out of the repository in some realizations, it most often

32 occurs because creep closure has increased the brinesaturation in the waste independently of brine inflow from the

) 33 far field. Thus, anhydrite permeability enhances brine flow into the waste, and inhibits outflow by filling the DRZ

34 that surrounds the repository with brine.

5-33



5. Uncertainty and Sensitivity Analysis Results

. ...”.
0 -

. .“ ..
:*. - . . . . . . . . . ... ---

. . .. ”.” “ .
. .“.

-5 -. .
. .

.
-10 -

.

. . .

-15 -

.
-20 -

J , , . , 1 1 ,
O.m o W2 0.04 0.0s o m 010 0.12

lNlllAL BRINE SATURATION IN WASTE

.
10 -

.
. . .

5 - . . .

.
. . . . “ .

0 -,-vm.# -. ., . . “s
. . .* ”””””” .. .

. .
-5 - . .

. .

.
-lo -

.
. .

.
-15 -

.
-20 -

UNDISTURBED ANHYDRITE INTERBEDS POROSl~ (10 ~

ScatterPlots and partial

RANK
70 ~ . . q

. . .
.. . .

Ml - . . .
.,

. . .
. .

w -
. .

. . .
.

. .

40 -
. . “.

. .
. .

. .
.

20 -
. . .

. .
. .

.
“.

20 -..””
. .

.
. .

. .
10 -.. ”

..
. . .
.

0
, I . ,“ , , # L

o 10 al 304050 s070

INITITAL BRINE SATURATION IN WABTE
rilu, ml!o

RANK
70 \ .

. .
. . .

.

so -“
.

,.”
.

. .
.

50 -“. ”

.“,
“. .

40 -“ ..
.“O

. .
.

20 -
.

.

20 - .
. .

.

.
. .

.
...

.
.. . .

. .
.

10

t

. .
.

. ..
. .

, . .
01 I , , , ,

0 10 20 w 40 50 m

UNDISTU43BED ANHYDRiTE INTERBEDS POROSITY
m, ,W.mr , 0

100 I , , , , I I

0.75 -

BRSAT
050 -

----- .— ._. _ ._ ._.
‘e. \------ —. ___

025 -
SCBFISAT

O.w
I

I

-025 -:

/

BPEw

$->
.\ --------- ----------

-------

-054 - “. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

\
-075 - MBPOR

-100 , , ,
0.0 15 30 4.5 s o 7,5 90

TIME (l&yls)
m e,-.

rank correlation coefficients for cumulative net brine flow from the repository.



5.3 Brine Flow

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

IS

19

20

21

22

23

24

25

Table 5-15. Stepwise Regression Analysis with Rank-Transformed Data for Cumulative Net Brine Flow

from the Repository (BWSTC)

Step Variable Description SRC R2

1 BRSAT Initial brine saturation in waste 0.72 0.53

2 MBPOR Undisturbed anhydrite -0.30 0.61

interbeds porosity

3 MBPERM Log of anhydrite interbeds -0.24 0.67

permeability

4 BCBRSAT Residual brine saturation in all 0.18 0.70

regions except waste

5.3.2 Cumulative Net Brine Flow Out MB139

The stepwise regression analysis (Table 5-16) for cumulative net brine flow out MB 139 to the south of the

repository (from Cell 8 to Cell 7 in Figure 2-2) selected BRSAT as the first variable. It accounts for 450/0 of the

variability in brine flow. The scatterplot relating MB 139 brine flow to initial waste brine saturation, in Figure 5-15,

shows that brine flow out is negative in most realizations, that is, brine flows toward the repository, Generally, the

inward brine flow is greatest when the initial brine saturation is lowest because less gas is generated in the waste,

leaving the pressure in the waste lower, and thereby offering less resistance to brine flow from the far field.

Anhydrite permeability is also an influential parameter affecting brine flow in MB 139, accounting for an

additional 16°/0of the variability in brine flow. The scatterplot in Figure 5-15 shows that when the permeability is

high, net brine outflow is more likely to be negative, or toward the repository, especially at early times when the

pressure gradient from the far field to the repository is greatest. This is the same effect that was seen on the

cumulative brine flow from the waste. Intermediate values of permeability (10-18 to 10-20 m2) can allow some

outward flow, which is a concern from a regulatory standpoint. In these cases, creep closure and gas generation

may reverse the pressure gradient while elevating the waste brine saturation to the point where brine can flow from

the waste. If the rate at which these processes take place is faster than the rate of brine inflow through MB 139 when

the anhydrite permeability is intermediate in value, brine flow out MB 139 will result. When the permeability is less

than 10-20 m2, brine movement in the anhydrite layers tends to become insignificant. The partial rank correlation

coefficients show that permeability is more important at early times, but its influence gradually decreases over the

first 2000 yr. This occurs because, when there is a large quantity of brine flow, it generally takes place early, when

the waste pressure is still very low and the pressure gradient from the far field to the waste is largest. As the

pressure in the waste builds, the relative importance of permeability decreases compared with the initial brine

saturation, which strongly influences pressure buildup.
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Figure 5-15. Scatterplots and partial rank correlation coefficients for cumulative net brine flow out MB 139.
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5.3 Brine Flow

The third variable selected in the regression analysis, TZPORF, is a measure of the DRZ porosity. It has a

small negative effect on brine flow out MB 139 for the same reason that BCBRSAT affects brine flow from the

repository, BWSTC. A high DRZ porosity constitutes a larger storage capacity in the DRZ, effectively damping out

the interchange of fluids between the repository and the anhydrite layers. For brine flow out MB 139 to occur, the

DRZ must first fill at least to residual saturation with brine. Whether that brine comes from initial inflow from

MB 139 or, as it must eventually, from the waste, the more pore volume in the DRZ, the longer brine flow out

MB139 will be delayed.

Anhydrite porosity and halite permeability each account for 3’?4.of the variability in brine flow out MB 139.

Higher porosity tends to result in greater brine flows by providing more source and sink capacity close to the

repository. Higher halite permeability allows brine to flow vertically out of the anhydrite layer and into halite

instead of through the anhydrite, thus reducing flow out MB 139.

Table 5-16. Stepwise Regression Analysis with Rank-Transformed Data for Cumulative Net Brine Flow

South into MB139 (BRNMB9SC)

steD Variable

1 BRSAT

2 MBPERM

3 TZPORF

4 MBPOR

5 SALPERM

Description SRC R2

Initial brine saturation in waste 0.65 0.45

Log of anhydrite interbeds -0.35 0.61
permeability

Factor used in calculating DRZ -0.26 0.68

and transition zone porosity

Undisturbed anhydrite interbeds 0.17 0.71

porosity

Intact Salado halite permeability -0.18 0.74

15

16

17

18

19

20

21

22

23

5.3.3 Cumulative Net Brine Flow Out Anhydrite a + b

Brine flow out through the anhydrite a + b layer differs in one major respect from flow in MB 139: there is no

net outward brine flow in any of the 70 realizations. Brine flows in early when the pressure gradient from the far

field to the waste is high. But this brine either flows into the repository or ends up further down in the DRZ or

MB 139. When the pressure in the waste exceeds the far-field pressure, there is no “pool” of brine at the repository

end of anhydrite a + b to flow back out. Anhydrite permeability, as might be expected, is the dominant variable

affecting brine flow. The scatterplot (Figure 5-16) shows that, as with MB 139, cumulative flows into the waste can

be large when the anhydrite permeability is greater than 10-18 m2, and are nearly zero when the permeability is less

than 10-20 m2.
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5.3 Brine Flow

Although the regression analysis (Tables 5-17) indicates that the initial brine saturation also has a moderate

influence on brine flow in anhydrite a + b, the scatter-plot in Figure 5-16 suggests that the effect is not really very

predictable. Intermediate values of brine saturation can result in large flows toward the repository, but low values

of initial brine saturation have a more consistent effect. When there is little brine in the waste, the back pressure

created in the waste remains low, allowing more brine to flow inward through anhydrite a + b. The plot of partial

rank correlation coefficients in Figure 5-16 indicates that the effect of initial waste brine saturation grows slightly

over 10,000 yr, while the influence of permeability starts high and remains steady.

Other gas-generation-related variables also have a small effect, essentially contributing to the increase in back

pressure that eventually stops the flow of brine through anhydrite a + b. As in MB 139, higher halite permeability

tends to reduce flow through the anhydrite layer by allowing some brine to enter the halite instead of continuing to

flow through the anhydrite.

Table 5-17. Stepwise Regression Analysis with Rank-Transformed Data for Cumulative Net Brine Flow

South into Anhydrite Layers a + b (BRNANHSC)

Step Variable Description SRC R2

1 MBPERM Log of anhydrite interbeds -0.64 0.46

permeability

2 BRSAT Initial brine saturation in waste 0.52 0.74

3 GRMICI Inundated biodegradation rate 0.23 0.79

4 SALPERM Intact Salado halite permeability -0.17 0.82

5 STOICMIC Biodegradation stoichiometric 0.12 0.84

coefficient

6 GRCORI Inundated corrosion rate 0.12 0.85

5.3.4 Cumulative Net Brine Flow Out MB138

The regression analysis for net brine flow out MB138, Table 5-18, shows that the initial brine saturation in the

waste and anhydrite permeability are about equally influential variables, although neither one provides a very strong

correlation. ScatterPlots for these variables in Figure 5-17 look very similar to those for the same variables in

anhydrite a + b. The partial rank correlation coefficients, Figure 5-17, show similar trends, although the effect of

permeability decreases slightly more over time than for anhydrite a + b.
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Figure 5-17. ScatterPlots and partial rank correlation coefficients for cumulative net brine flow out MB 138.
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Table 5-18. Stepwise Regression Analysis with Rank-Transformed Data for Cumulative Net Brine Flow

South into MB138 (BRNMB8SC)

Step Variable Description SRC R2

1 BRSAT Initial brine saturation in waste 0.51 0.27

2 MBPERM Log of anhydrite interbeds -0.51 0.52

permeability

3 STOICMIC Biodegradation stoichiometric 0.22 0.57

coefficient

5.3.5 Cumulative Net Brine Flow Upward through Shaft Seal

The stepwise regression analysis (Table 5- 19) performed for cumulative net upward flow of brine through the

shaft seal, BSHSLUPC, shows that the dominant variable is the permeability during the first 200 yr of the shatl

above the shaft seal but below the Culebra (SHFTPRM), not the long-term shall seal permeability, as one might

expect. However, this accounts for only 33V0 of the variability in brine flow through the shaft seal. Shaft seal

permeability during the first 200 yr (SEALPRM 1) is nearly as important, contributing another Z6V0 to the variability

in brine flow. Scatterplots in Figure 5-18 confirm that neither variable alone is very strongly correlated to brine

flow. Shaft permeability during the first 200 yr (SHFTPRM) was sampled from a range that is nearly identical to

the range of seal permeability for that same time period. Because that portion of the shatl is 319 to 389 m long

compared to 30 to 100 m for the shaft seal (a sampled parameter, SEA LTHK), it is reasonable to believe that

permeability of the lower shaft is slightly more significant than seal permeability in determining brine flow through

the seal. However, the impact of these variables is somewhat distorted because most of the cumulative flow through

the shaft seal was downward drainage by gravity during the first 200 yr. In more than half of the realizations, the

flow direction eventually reverses. Upward flow that takes place over the last 9000 yr or so is small compared to

the initial downward surge, but is potentially much more important to regulatory compliance. (See Section 4.1.2 for

additional discussion of brine flow.)

Halite permeability has an additional effect, but it is of secondary importance. Because of the large surface area

of the shaft-halite interface, some brine drains into the shaft from the surrounding halite, even though the highest

surge of brine occurred during the 50-yr disposal phase. That brine was removed from the simulation at time zero

(reflecting evaporation before the repository is sealed), leaving a depressurized zone around the shaft at time zero.

Despite this, when the permeability of halite is sufficiently high, some seepage from the Salado into the shaft often

continues, as seen in Figure 4-24. This contributes to the downward flow of brine through the shaft seal, but should

not greatly impact upward flow.
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All three variables have negative correlation coefficients, indicating that larger values result in larger downward

flows. The process being observed here is gravity drainage, which would be aided by higher seal and shaft

permeabilities. If only the upward component of brine flow during 10,000 yr was analyzed, positive correlation

coefficients would be expected.

Table 5-19. Stepwise Regression Analysis with Rank-Transformed Data for Cumulative Net Brine Flow

Upward through Shaft Seal (BSHSLUPC)

Step Variable Description SRC R2

1 SHFTPRM Permeability of shaft-fill -0.58 0.33

material above shaft seal

2 SEALPRM1 Initial shaft seal permeability -0.51 0.59

3 SALPERM Intact Salado halite -0.34 0.71

permeability

5.4 Gas Flow

A key performance measure for the W IPP under undisturbed conditions is the amount of voIatile organic

compounds (VOCS) dissolved in gas that flows beyond the disposal unit boundaries. Because transport of VOCS

has not yet been modeled using the two-phase flow model, measures discussed here are the amount and distance that

gas flows out the various flow paths from the repository, including the three anhydrite layers and the sealed shafi

leading to the Culebra. These measures provide insight into which parameters control migration of VOCS, which

parameters require more attention (and perhaps more measured data), and which conceptual features of the model

may require more sophisticated treatment. Two-phase flow modeling also provides insight into parameters or

conceptual models that are not important and can therefore be further simplified or omitted in future performance

assessments.

5.4.1 Cumulative Net Gas Flow Out MB139

The first three performance measures to be examined are the cumulative flows southward out each of the

anhydrite layers. The stepwise regression analysis for flow out MB 139, shown in Table 5-20, selected BRSAT, the

initial brine saturation in the waste, as the first variable. The correlation is not strong, but it is reasonable that the

key parameter affecting gas generation plays an important role in determining how much gas flows out MB 139.

The second variable selected, the permeability of the anhydrite layers, is also an obvious choice to affect gas flow.

Another gas-generation parameter, the biodegradation stoichiometric coefficient, STOICMIC, also has a small

effect. Altogether, the three variables selected account for only half of the variability in cumulative gas flow. The

scatterplots for the first two variables, BRSAT and MBPERM, in Figure 5-19, illustrate the relatively poor
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Figure 5-19. Scatterplots and partial rank correlation coefficients for cumulative net gas flow out MB 139. (Rows
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realizations with identical raw results [i.e., zero]).
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correlation between cumulative gas flows and each variable. The partial rank correlation coefficients in Figure 5-19

show that BRSAT was most important over the last 9000 yr, but that it really does not dominate the other variables.

Very early on, all three variables actually had small negative correlation coefficients, with higher values resulting in

smaller gas flows out MB 139. However, the effects may have been too small to be significant at that time because

almost no gas had flowed out in any realization. One interesting feature that shows up in the scatterplots is that

there appear to be cutoff values in both BRSAT and MBPERM below which there is no gas flow out MB 139. For

BRSAT, this value is about 4% initial brine saturation in the waste. When the initial brine saturation is too low,

insufficient gas is generated to raise the pressure in the repository and push gas out the anhydrite layers. For

anhydrite permeability, the cutoff is about 10-20 m2, the same value below which brine flow becomes insignificant.

Table 5-20. Stepwise Regression Analysis with Rank-Transformed Data for Cumulative Net Gas Flow

South into MB139 (GASMB9SC)

12

Step Variable Description SRC R2

1 BRSAT Initial brine saturation in waste 0.49 0.25

2 MBPERM Log of anhydrite interbeds 0.41 0.43

permeability

3 STOICMIC Biodegradation stoichiometric 0.27 0.50

coefficient
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5.4.2 Cumulative Net Gas Flow Out Anhydrite a + b

The regression analysis for cumulative gas flow south out through anhydrite layers a + b, in Table 5-21, also

selected BRSAT as the first variable. The correlation is somewhat stronger than it was in MB 139. Because gas

flow is not competing with brine outflow, gas generation, which is largely controlled by the initial brine saturation,

has a more direct impact on gas flow. Anhydrite permeability and biodegradation stoichiometry were again

selected. Together, these three account for 66°/0 of the variability in gas flow out anhydrite a + b. Gas generation,

again, has a strong influence on the amount of gas that flows out the anhydrite layer. The plot of partial rank

correlation coefficients, Figure 5-20, shows that BRSAT and MBPERM dominate in determining the cumulative gas

flows over the last 8000 yr. ScatterPlots of BRSAT and MBPERM, in Figure 5-20, show lower limits below which

gas does not flow out anhydrite a+ b, the values again being 4% for brine saturation and 10-20 m2 for permeability.
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Table 5-21. Stepwise Regression Analysis with Rank-Transformed Data for Cumulative Net Gas Flow Out

Anhydrite Layers a + b (GASANHSC)

Step Variable Description SRC R2

1 BRSAT

2 MBPERM

3 STOICMIC

4 GRCORI

Initial brine saturation in waste 0.59 0.37

Log of anhydrite interbeds 0.50 0.61

permeability

Biodegradation stoichiometric 0.22 0.66

coefficient

Inundated corrosion rate 0.20 0.69

5.4.3 Cumulative Net Gas Flow Out MB138

The regression analysis for cumulative gas flow south out through MB 138, Table 5-22, as for the other two

anhydrite layers, selected BRSAT and MBPERM as the two most important variables affecting gas flow (Figure

5-2 I). Two other gas generation parameters, STOICMIC and GRCORI (inundated corrosion rate), also made small

contributions to the variability of gas flow out MB 138. Comments made above regarding the other two anhydrite

layers apply also to MB 138.

One other parameter, BCFLG, which is the weighting factor that determines which relative permeability model

to use, showed a small influence in all three anhydrite layers (but only in the plots of partial rank correlation

coefficients for MB 139 and anhydrite a + b). When BCFLG = O, the van Genuchten-Parker model is used; when

BCFLG = 1, the Brooks-Corey model is used. In MB 139, BCFLG had a positive correlation coefficient, whereas in

anhydrite a + b and in MB 138, it had a negative correlation. It is positive during the first 500 yr or so in all three

layers, but there is almost no gas flow during this period in any realization. Therefore, the high value that seems to

dominate all other variables over that time period is apparently spurious. Once gas flows have started in most

realizations, the influence of BCFLG quickly becomes insignificant.
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Table 5-22.

5.4 Gas Flow

Stepwise Regression Analysis with Rank-Transformed Data for Cumulative Net Gas Flow Out

MB138 (GASMB8SC)

Step Variable

1 BRSAT

2 MBPERM

3 BCFLG

4 STOICMIC

5 GRCORI

Description SRC R2

Initial brine saturation in waste 0.58 0.34

Log of anhydrite interbeds 0.53 0.61

permeability

Brooks-Corey/van Genuchten- -0.22 0.64

Parker weighting factor

Biodegradation stoichiometric 0.20 0.68

coefficient

Inundated corrosion rate 0.17 0.71

5.4.4 Distance Gas Flows Out Anhydrite Layers

Three additional performance measures test the possible impact of the storage capacity of various regions.

These measures are the distances that gas flows out each of the three anhydrite layers. Factors that affect storage or

retention of fluids would be expected to influence how far gas can flow.

The results of the stepwise regression analyses and partial rank correlation analyses continue to show that the

initial brine saturation in the waste is the most important variable affecting how far gas flows away from the

repository. No storage factors, such as anhydrite porosity and DRZ porosity, and no retention parameters, such as

residual saturations, have any measurable effect on the distance that gas migrates from the repository.

The stepwise regression analysis for distance that gas flows out MB 139, shown in Table 5-23, selected BRSAT

as the first variable. Although it has greater influence than any other variable, its impact is fairly weak, accounting

for only 27°A of the variability in gas flow distance. Nearly as influential is anhydrite permeability. As seen in

preceding analyses, initial brine saturation in the waste results in the main driving force for gas migration away from

the repository, whereas anhydrite permeability determines the ease with which gas flows out as it is generated.

ScatterPlots relating gas flow distance to these two variables, Figure 5-22, confirm the slight trends in the raw data.

Gas migration distances appear at a small number of fixed values. These are the distances from the repository to the

outer edge of the grid cells in the mesh, as shown in Table 4-1, Gas is assumed to have reached that distance when

the saturation in a grid cell exceeds 1.0 x

extremely small (i.e., less than one m3).

10-12. Volumes of gas in grid cells at this minimum saturation are
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The next variable selected in the regression analysis is the relative permeability model weight factor, BCFLG.

This variable has a negative regression coefficient, indicating that gas migration distance tends to be less when

BCFLG = 1 (i. e., when the Brooks-Corey model is used), and migration distances tend to be greater when the van

Genuchten-Parker model is used. The effect is minor, but seems to stem from the differences in capillary pressure

between the two models. Unlike the Brooks-Corey model, the van Genuchten-Parker model uses a threshold

capillary pressure of zero, so there is no minimum gas pressure required for flow to occur. The slightly greater ease

with which gas flow is initiated using the van Genuchten-Parker model results in greater migration distances.

The last variable selected in the regression analysis is STOICMIC, the biodegradation stoichiometric

coefficient. Although its influence is slight, it contributes to the driving force behind gas migration in the same way

that BRSAT does.

The plots of partial rank correlation coefficients shown in Figure 5-22 indicate that the influence of the first

three variables increases slowly over at least the last 8000 yr. The inundated corrosion rate shows some impact

during the first 3000 yr, but its influence wanes after that.

Table 5-23. Stepwise Regression Analysis with Rank-Transformed Data for Distance Gas Flows Out

MB139 (GDSTMB9S)

Step Variable

1 BRSAT

2 MBPERM

3 BCFLG

4 STOICMIC

Description SRC R2

Initial brine saturation in waste 0.52 0.27

Log of anhydrite interbeds 0.45 0.46

permeability

Brooks-Corey/van Genuchten- -0.36 0.56

Parker weighting factor

Biodegradation stoichiometric 0.21 0.60

coefficient

The regression analysis (Table 5-24) for gas migration distance out through anhydrite a + b is essentially

identical to that of MB 139, but with slightly better correlations.

The regression analysis (Table 5-25) for gas migration distance out through MB 138 is also nearly identical to

that of MB 139 and anhydrite a + b, but with still slightly better correlations. An additional gas generation

parameter has been added, although its effect is barely measurable.
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Table 5-24. Stepwise Regression Analysis with Rank-Transformed Data for Gas Migration Distance South

Out Anhydrite Layers a + b (GDSTANHS)

Step Variable

1 BRSAT

2 MBPERM

3 BCFLG

4 STOICMIC

Description SRC R2

Initial brine saturation in waste 0.59 0.34

Log of anhydrite interbeds 0.45 0.53

permeability

Brooks-Corey/van Genuchten- -0.35 0.62

Parker weighting factor

Biodegradation stoichiometric 0.24 0.68

coefficient

Table 5-25. Stepwise Regression Analysis with Rank-Transformed Data for Gas Migration Distance South

Out MB138 (GDSTMB8S)

Step Variable Description SRC R2

1 BRSAT

2 MBPERM

3 BCFLG

4 STOICMIC

Initial brine saturation in waste 0.58 0.34

Log of anhydrite interbeds 0.51 0.57

permeability

Brooks-Corey/van Genuchten- -0.41 0.71

Parker weighting factor

Biodegradation stoichiometric 0.19 0.75

coefficient
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5.4 Gas Flow

1 The regression analysis for gas migration distance out through the Culebra, shown in Table 5-26, selected

2 BCFLG as the most influential variable, although its effect is minor. The low values of R2 are obtained because

3 only eight realizations resulted in gas migration distances from the shaft into the Culebra that were greater than zero.

4 With so few non-zero responses, little significance can be assigned to this analysis.

5 Table 5-26. Stepwise Regression Analysis with Rank-Transformed Data for Gas Migration Distance South

6 Out the Culebra (GDSTCULS)

7

Step Variable Description SRC R2

1 BCFLG Brooks-Corey/van Genuchten- -0.49 0.18

Parker weighting factor

2 BCEXP Brooks-Corey exponent -0.35 0.29

3 SALPERM Intact Salado halite permeability 0.27 0.36

8

9

10

11

12

13

14

15

16
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18

19

20

21

5.4.5 Cumulative Net Gas Flow Upward through Shaft Seal

Two more crucial performance measures are flow through the shall seal and flow into the Culebra layer of the

BRAGFLO model. Since the lower shaft is assumed to have zero residual gas saturation, any amount of gas that

gets through the shaft seal can, in principle, reach the Culebra layer, which is outside the disposal unit boundary.

(The top of the Salado Formation is the bounda~ for purposes of evaluating gas migration.) Cumulative flow into

the Culebra, GASCULTC (which is actually measured from the Culebra shaft seal into the Culebra), is greater than

zero in 6 of the 70 realizations. Flows range from 109 to 136,000 m3.

The regression analysis for cumulative gas flow through the shaft seal, Table 5-27, once again selected the

initial brine saturation in the waste as the first variable. As in the anhydrite analyses, the correlation between gas

flow and brine saturation is not particularly strong, but the scatterplot, Figure 5-23, shows an apparent minimum

value of brine saturation (6°/0) below which no gas flows through the shaft seal. This again stems from a minimum

gas and pressure generation required for gas to migrate beyond the repository. The plot of partial rank correlation

coefficients, Figure 5-23, shows that BRSAT is the dominant variable over the full 10,000 yr. Together with

STOICMIC, gas generation parameters account for at least 47% of the variability in gas flow through the shaft seal.
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Table 5-27. Stepwise Regression Analysis with Rank-Transformed Data for Cumulative Net Upward Gas

Flow through Shaft Seal (GSHSLUPC)

Step Variable Description SRC R2

1 BRSAT Initial brine saturation in waste 0.60 0.37

2 SEALPRM2 Shaft seal permeability after 0.50 0.60

200 yr

3 STOICMIC Biodegradation stoichiometric 0.31 0.70

coefficient

5.4.6 Cumulative Net Gas Flow Upward into the Culebra

The regression analysis for cumulative net gas flow into the Culebra from the Culebra shaft seal, in Table 5-28,

selected the permeability of the shaft seal after 200 yr as the first variable. As expected, the higher the permeability,

the more gas flowed into the Culebra. The correlation is not strong, accounting for only 30’%. of the variability in

GA SCULTC, but this is largely a result of the few occurrences of flow into the Culebra; there were only six

realizations in which there was any significant flow. (Two more realizations had minute quantities of gas flow into

the Culebra — enough to result in measurable gas migration distances.) Whereas five of these ranged from 110 m3

to 1070 m3, there was one realization that resulted in 136,000 m3. The scatterplots shown in Figure 5-24 illustrate

how this correlation is unduly weighted by a single outlying data point, although the regression analysis supports

intuitively finding that seal permeability and parameters that control gas generation have the most influence on the

amount of gas that flows into the Culebra. The partial rank correlation coefficients, Figure 5-24, indicate that the

influence of these two parameters is growing with time. The step-like behavior of the curves is indicative of the few

realizations in which flow into the Culebra actually resulted.

Table 5-28. Stepwise Regression Analysis with Rank-Transformed Data for Cumulative Net Gas Flow into

the Culebra (GASCULTC)

Step Variable

1 SEALPRM2

2 BRSAT

Description SRC R2

Shaft seal permeability after 0.55 0.30

200 yr

Initial brine saturation in waste 0.38 0.45
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Conclusions based on these analyses are conditional on the modeling assumptions and parameter-value

distributions used in the 1992 preliminary PA. These analyses do not represent a final performance assessment,

and results should not be used for comparisons to regulatory standards. The 1992 PA modeling system does not

yet include all potentially important physical processes that may atTect disposal-system performance (e.g., pressure-

dcpendcnt fracturing of anhydrites and effects of possible chameling of fluid flow are not included in 1992, and

will be included in future PAs), nor are all portions of the data base complete. Results are presented here to

provide interim guidance to the WIPP Project as it plans for a final compliance evaluation.

Of the 25 parameters that were selected for sampling in the analyses of undisturbed performance, 6 have

significant effects on the performance measures considered. These 6 parameters are listed in Table 6-1 as “very

important,” reflecting their potential impact on gas and brine migration from the reposito~. The single most

important parameter, as shown in the sensitivity analyses described in Chapter 5 of this volume, is the initial brine

saturation in the waste. Few data arc available for this parameter (see Section 2.4 of this volume), but for the range

of values sampled here, the initial water content of the waste effectively controls the amount of gas that is

generated. The total amount of gas generated, in turn, controls how much gas flows out through the various

release pathways. Unless the overall gas-generation rate is ve~ small, the full gas-generation potential allowed by

the amount of water initially present will be realized over 10,000 yr. Unless the permeability of the anhydritc

layers is near the Iowcr limit of the sampled range, this time period is sufficient for gas to flow to the disposal-unit

boundaries as long as enough water is initially present to generate the amount of gas required to flow that far. The

other five parameters listed as “very important” also play a major role in influencing gas and brine migration from

the repository, but their effect is secondary to that of the initial brine saturation. The range of initial brine

saturation currently used does not have a sound basis in measured data, and is expected to change. Because this

one parameter so dominates the undisturbed performance, a different range of values may produce different results,

and even the conclusions with the strongest statistical support in this report should be regarded as preliminary.

Most of the other sampled parameters had a smaller impact on gas and brine migration, and are listed as

“important” in Table 6-1. These parameters each appear in only a few of the regression analyses reported in

Chapter 5. Their importance, however, is conditional on the conceptual models used to describe the repository and

its surroundings, and may change in future analyses as conceptual models are refined.

The final catego~ of parameters listed in Table 6-1, “less important,” includes those that were not identified in

any of the regression analyses reported in Chapter 5. Conditional on all assumptions of the 1992 PA, the

distributions used for these parameters had no effect on the undisturbed performance measures considered.

Essentially any value could have been selected from the distributions and used as a fixed value throughout without

affecting performance, implying that, unless conceptual models change significantly, these parameters could be

omitted from future samplings if the present ranges are shown to be defensible. However, these conclusions apply

only to undisturbed performance; some parameters that are insignificant here (e.g., Culebra matrix porosity) may

be more important in assessing performance following human intrusion.
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6. Summary and Conclusions

1 Table 6-1. Importance of Sampled Parameters with Respect to 40 CFR 268.6. Results apply only to
2 undisturbed performance of the repository (no human intrusion), and are conditional on
3 modeling assumptions, the choice of parameters sampled, and the assumed parameter-value
4 distributions. Comparable results for 40 CFR 191 B (disturbed performance) can be found in
5 Volume 4 of this report.
6

Parameter Name Parameter Description

Very Important Parameters (listed in order of importance)

BRSAT Initial brine saturation in waste*
MBPERM Salado anhydrite permeability
STOICMIC Biodegradation stoichiometric coefficient
GRCORI Corrosion gas-generation rate, inundated conditions
GRMICI Biodegradation gas-generation rate, inundated conditions
SEALPERM2 Shaft seal permeability after 200 yr

Important Parameters (Iisited in alphabetical order)

BCFLG
GRCORHF
GRMICHF
MBPOR
SALPERM
SEALPERM1
SHFTPRM
STOICCOR
TZPORF
VMETAL
VWOOD

Brooks-Corey/van Genuchten-Parker pointer
Corrosion gas-generation rate factor, humid conditions
Biodegradation gas-generation rate factor, humid conditions
Salado anhydrite porosity
Salado halite permeability
Shaft seal permeability, 0-200 yr
Lower shaft permeability, 0-200 yr
Corrosion stoichiometric coefficient
Transition zone and DRZ porosity factor
Initial volume fraction of metals and glass in waste
Initial volume fraction of combustibles in waste

Less Important Parameters (listed in alphabetical order)

BCBRSAT
BCEXP
BCGSSAT
BKFLPOR
CULPOR
DSEALPRM
MBPRES
SEALTHK

Residual brine saturation in Salado Fm.
Brooks-Corey relative permeability model exponent
Residual gas saturation in Salado Fm.
Porosity of backfill in drifts, experimental region, and shaft below seal
Matrix porosity of Culebra
Drift and panel seal permeability
Far-field pressure in Salado Fm.
Shaft seal vertical thickness

* Importance of initial brine saturation in the waste may be highly sensitive to the assumed
parameter-value distribution. See text for additional information.
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AppendixA MemorandumRegardingReferenceData

2/17/93

WIPP Performance Assessment Dept. 6342

Ray E. Finley, 6121, and Palmer Vaughn, 6342

Seal and Backfill Information

A series of meetings was held between the Repository Isolation Systems Dept. (6121) and the
WIPP Performance Assessment Dept. (6342) personnel to develop seal and backfill parameters
for the 1993 gas migration calculations to be performed by Dept. 6342. Estimates for seal and

backfill parameters were developed from available literature for two time periods: 0-200
years, and 200-10,000 years. The modeling to be done by 6342 requires upper and lower

bound estimates, and in some cases “best guess” estimates for each parameter of interest for
each time period. Table 1 (attached) lists the various seal and backfill locations and
parameters required for the Gas Migration calculations.

The estimates listed in Table 1 resume that the water-bearing-zone seals are effective at

limiting water inflow into the facility. Also, these estimates do not take into consideration the
DRZ in the surrounding halite or in the interbeds (primarily MB1 39).

It should be stressed that the values in Table 1 are estimates and could change as our

understanding of the nature and behavior of the seal materials changes. Also, the estimates are
limited by the assumptions used in the reference materials.

Implicit in Table 1 are various assumptions of correlations between certain parameters; e.g.,
porosities are correlated to permeabilities, although the correlation is not stated. The threshold
capillary pressure is assumed to be correlated to permeability.

Although the values shown in Table 1 represent the current best estimates, modeling

constraints and the need to be more consistent in making assumptions resulted in some changes
in values. The values actually used in the calculations are shown in Table 2. Correlations

implicit in Table 1 were clarified and are shown more explicitly in Table 2. In particular,
note that porosities are correlated to the log of permeabilities.

Initial brine saturations were originally assumed to correspond to 5-8 wt% of the salt and
backfill. However, given the ranges of porosities in Table 2 and using values of bulk density
and brine density measured for WIPP halite and Salado brine (2140 kg/m9 and 1230 kg/m9,
respectively, it was found that 5-8 wt% brine corresponds to more than 90% brine saturation.
The lowest brine saturation corresponds to 5 wt% brine added to halite having a compacted

porosity of 9Y0. If 5 wt~o brine is added to crush halite having a porosity of 9% after
compaction, the pore space will be 90°h saturated with brine. Rather than sample a narrow
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range of initial brine saturations in the backfill/seal/shaft components (90- 100%) a fixed value
of 100% is assumed (1.0, Table 2).

In Table 1, the porosity of the Shaft Seal is shown changing after 200 years, and the Shaft Fill
porosity differs from that of the Shaft Seal. Furthermore, it is anticipated that the Shaft Fill
porosity will become identical to that of the Shaft Seal after 200 years. However, these
changes create problems in modeling because they constitute instantaneous changes in brine
mass that introduce mass balance errors into the calculations. It is difficult to rationalize these
errors, which are artifacts of the model. To avoid this difficulty, the porosities of these two
materials will be assumed to be equal and constant in time, rather than changing at 200 years.
This is expected to result in more accurate results even though the porosity change that is
actually believed to occur is ignored.

The parameter values listed in Table 1 were developed from information contained in the
following references:

Arguello, J. G., 1988, “WIPP Panel Entryway Seal - Numerical Simulation of Seal Composite

Interaction for Preliminary Design Evaluation,” SAND87-2804, Sandia National Laboratories,
Albuquerque, NM.

Butcher, B.M., 1991, “The Advantages of a Salt/Bentonite Backfill for Waste Isolation Pilot
Plant Disposal Rooms,” SAND90-3074, Sandia National Laboratories, Albuquerque, NM.

Ehgartner, B., 1990, “Geomechanical Analyses in Support of the Waste Isolation Pilot Plant

(WIPP),” SAND90-0285, Sandia National Laboratories, Albuquerque, NM.

Ehgartner, B., 1991, “A Coupled Mechanical/Hydrological Model for WIPP Shaft Seals,”
SAND90-2826, Sandia National Laboratories, Albuquerque, NM.

Finley, R. E., and J.R. Tillerson, 1992, “WIPP Small Scale Seal Performance Tests - Status and
Impacts” SAND91 -2247, Sandia National Laboratories, Albuquerque, NM.

Morgan, H. S., 1987, “TRU Storage Room Calculation with Stratigraphy,” Memo to D.E.
Munson, December 9, 1987, Sandia National Laboratories, Albuquerque, NM.

Nowak, E.J., J.R. Tillerson, and T.M. Torres, 1990, “Initial Reference Seal System Design:
Waste Isolation Pilot Plant,” SAND90-0355, Sandia National Laboratories, Albuquerque, NM.

Stormont, J.C., and C.L. Howard, 1987, “Development, Implementation, and Early Results:
Test Series C of the Small-Scale Seal Performance Tests,” SAND87-2203, Sandia National
Laboratories, Albuquerque, NM.

Weatherby, J. R., W.T. Brown, and B.M. Butcher, 1991, “The Closure of WIPP Disposal Rooms
Filled with Various Waste and Backfill Combination,” Proceedings of the 33rd U.S. Rock
Mechanics Symposium, A.A. Balkema, Pub.
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Table 1. Parameter Values Initially Determined for Use in Gas Migration Calculations Using
BRAGFLO.

Material
Time Period 1

0-200 yrs
Time Period 2
200-10,000 yrs

Shaft Seal
Permeability (mz)

Porosity
Brine saturation

Capillary pressure
Length (m)

5.oxlo-1~ > 1. OX1O-18 > ].OX1O-19

12% > 9% > 7%
5% - 8% (wt.)

Correlation
30-90

1.OX1O-18- 1.OX1O-21
9V0 - 1%

---

Correlation
Remainder of Shaft

Shaft Fill
Permeability (mz) I,OX1O -1s - 1.OXIO-19 Same

Porosity 16% - 7% as
Brine saturation 5% - 8% (wt.) Shaft

Capillary pressure Correlation Seal

Backfill/Experimental/Lower Shaft
Permeability (mz) 1.OXIO-15 - 1.OXIO-17 I.oxlo-ls - 1.OX1O-17
Porosity 2% < 109’0< 12%) 196- 7.5%
Brine saturation 5% - 8% (wt.) ---

Capillary pressure Correlation Correlation

Culebra Seal
Permeability (mz) I.OX1O-16 Same
Porosity Values for concrete

Brine saturation 100% Sh~ft
Capillary pressure Correlation Fill

Panel Seals
Permeability (mz) 1.OX1O-18- I.OX1O-21 Same
Porosity 5?4 - 9% as
Brine saturation 5% - 8% Time
Capillary pressure --- Period 1

Note: All values based on water-bearing zone seals being effective at minimizing inflow and
no significant contribution to saturation from halite.
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Table 2. Modified Parameter Values to be Used in Gas Migration Calculations Using
BRAGFLO.

Time Period 1 Time Period 2
Material/Property 0-200 yrs 200-10,000 yrs

Shaft Seal
Permeability (mz) 1.OX1O-19- 5.OX1O-16 I.OX1O-21- 1.OXIO-18
Porosity Same as period 2 0.01 -0.09
Brine saturation 1.00 ---

Length (m) 30-100 Rest of Upper Shaft

Shaft Fill
Permeability (mz) 1.OXIO-19 - 1.OXIO-15 Same as
Porosity same as Shaft Seal Shaft Seal
Brine saturation 1.00 ---

Backfill/Experimental/Lower Shaft
Permeability (mz) 1.OXIO-15 Same as
Porosity 0.01 -0.075 Period 1
Brine saturation 1.00 ---

Culebra Seal .
Permeability (mz) 1.OX]0-1s Same as
Porosity 0.20’ Shaft Seal
Brine saturation i 00 ---

Length (m) 7.7 7.7

Panel Seals
Permeability (mz) 1.OXIO-21 - I. OXIO-lS Same as
Porosity 0.05-0.09 Period 1
Brine saturation 1.00 ---

Note: 1) “Brine saturation” is Initial Brine Saturation.
2) Porosity of Shaft Seal (Period 2) correlated linearly to log of Shaft Seal permeability

(Period 2).
3) Porosity of Panel Seal correlated linearly to log of Panel Seal permeability.
a) Value for concrete from Neville, A.M., ‘Properties of Concrete’, John Wiley & Sons,

NY, 1973
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Table B-1. Variable Parameters for Volume 5 BRAGFLO Calculations

Halite

(1) Permeability
k

(2) Porosity

(3) Compressibility

s,

Pf

s

@
Pf

(4) BCEXP

(5) BCBRSAT

(6) BCGSSAT

(7) BCFLG

(8) BC_PCT

= lok
= Sampled variable

(LHS variable #10)
LHS distribution type: Cumulative
Range: -24.0 to -19.0

= Sampled anhydrite porosity
(LHS variable #16)
LHS distribution type: Cumulative

Range: 1.0 x 10-3 to 3.0 x 10-2

= Specific storage
= 1.4X 10-6

= Salado brine fluid density

= 1.23 X 103

= Acceleration due to gravity
= 9.79

= Porosity

= Salado brine fluid compressibility

= 2.5 X 10-1°

= Sampled Brooks-Corey exponent
(LHS variable#11)
LHS distribution type: Cumulative

Range: 2.0 x 10-2 to 1.0

= Sampled residual brine saturation
(LHS variable #13)
LHS distribution type: Uniform
Range: 0.0 to 0.4

= Sampled residual gas saturation
(LHS variable #14)
LHS distribution type: Uniform
Range: 0.0 to 0.4

= Sampled Brooks-Corey weighting factor
(LHS variable #12)
LHS distribution type: Delta
Range: 0.0 to 1.0

= Brooks-Corey Threshold Capillary Pressure

[mz]

[dimensionless]

[Pa-l]

[m-l]

[kg/m3]

[In@

[dimensionless]

[Pa- 1]

[dimensionless]

[dimensionless]

[dimensionless]

[dimensionless]

[Pa]

= 0.56. (Permeability) +”346
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Table B-1. Variable Parameters for Volume 5 BRAGFLO Calculations (Continued)

Initial Disturbed Rock Zone (DRZ]
(Initial DRZ used during time period of -50 years to O years)

(1) Permeability

(2) Porosity

(3) Compressibility

s~

Pf

(4) BCEXP

(5) BCBRSAT

(6) BCGSSAT

(7) BCFLG

(8) BC_PCT

= 1.0x 10-17

= Sampled anhydrite porosity
(LHS variable #16)
LHS distribution type: Cumulative
Range: 1.0 x 10-s to 3.0 x 10-2

. .

= Specific storage

= 1.4x 10-6

= Salado brine fluid density

= 1.23 X 10s
= Acceleration due to gravity
= 9.79

= Porosity

= Salado brine fluid compressibility
= 2.5 X 10-10

= Sampled halite Brooks-Corey exponent
(LHS variable#11)
LHS distribution type: Cumulative
Range: 2.0 x 10-2 to 1.0

= Sampled halite residual brine saturation
(LHS variable #13)
LHS distribution type: Uniform
Range: 0.0 to 0.4

= Sampled halite residual gas saturation
(LHS variable #14)
LHS distribution type: Uniform
Range: 0.0 to 0.4

= Brooks-Corey weighting factor
= 1.0

= Brooks-Corey Threshold Capillary Pressure

= 0.56. (Permeability)q”346

[dimensionless]

[Pa-l]

[m-l ]

[kglms]

[ndsq

[dimensionless]

[Pa-l]

[dimensionless]

[dimensionless]

[dimensionless]

[dimensionless]

[Pa]
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Table B-1. Variable Parameters for Volume 5 BRAGFLO Calculations (Continued)

Transition Zone

(1) Permeability
k

(2) Porosity

(3) Compressibility

s,

Pf

g

4

Pf

(4) BCEXP

(5) BCBRSAT

(6) BCGSSAT

(7) BCFLG

(8) BC_PCT

= lok

= Sampled variable
(LHS variable #15)
LHS distribution type: Cumulative
Range: -21.0 to -16.0

= Sampled anhydrite porosity
(LHS variable #16)
LHS distribution type: Cumulative
Range: 1.0 x 10-3 to 3.0 x 10-2

= [1~-~f
Pf/@

= Specific storage
= 1.4X 10-6

= Salado brine fluid density
= 1.23 X 103
= Acceleration due to gravity
= 9.79

= Porosity

= Salado brine fluid compressibility
= 2.5 X 10-10

= Sampled halite Brooks-Corey exponent
(LHS variable#11)
LHS distribution type: Cumulative
Range: 2.0 x 10-2 to 1.0

= Sampled halite residual brine saturation
(LHS variable #13)
LHS distribution type: Uniform
Range: 0.0 to 0.4

= Sampled halite residual gas saturation
(LHS variable #14)
LHS distribution type: Uniform
Range: 0.0 to 0.4

= Brooks-Corey weighting factor
= 1.0

= Brooks-Corey Threshold Capillary Pressure

= 0.56. (Permeability)+ ”346

[m2]

[dimensionless]

[Pa-l]

[m-] ]

[kglms]

[111/sq

[dimensionless]

[Pa-l]

[dimensionless]

[dimensionless]

[dimensionless]

[dimensionless]

[Pa]
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Table B-1. Variable Parameters for Volume 5 BRAGFLO Calculations (Continued)

Anhvdrite

(1) Permeability
k

(2) Porosity

(3) Compressibility

Pf

(4) BCEXP

(5) BCBRSAT

(6) BCGSSAT

(7) BCFLG

= lok
= Sampled variable

(LHS variable #15)
LHS distribution type: Cumulative
Range: -21.Oto-16.O

= Sampled variable
(LHS variable #16)
LHS distribution type: Cumulative
Range: 1.0 x 10-3 to 3.0 x 10-2

= [)~+f
Pfw)

= Specific storage

= 1.OX 10-6

= Salado brine fluid density

= 1.23 X 103
= Acceleration due to gravity
= 9,79

= Porosity

= Salado brine fluid compressibility
= 2.5 X 10-10

= Sampled halite Brooks-Corey exponent
(LHS variable#11)
LHS distribution type: Cumulative
Range: 2.0 x 10-2 to 1.0

= Sampled halite residual brine saturation
(LHS variable #13)
LHS distribution type: Uniform
Range: 0.0 to 0.4

= Sampled halite residual gas saturation
(LHS variable #14)
LHS distribution type: Uniform
Range: 0.0 to 0.4

= Sampled SALADO Brooks-Corey weighting
factor

(LHS variable #12)
LHS distribution type: Delta
Range: 0.0 to 1.0

[m2]

[dimensionless]

[Pa-l]

[m-l]

[kglmq]

[rrdsq

[dimensionless]

[dimensionless]

[dimensionless]

[dimensionless]

[dimensionless]
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Table B-1. Variable Parameters for Volume 5 BRAGFLO Calculations (Continued)

Anhvdrite (Concluded)

(8) BC_PCT = Brooks-Corey Threshold Capillary Pressure [Pa]

= 0.56. (Permeability) +”346
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Table B-1. Variable Parameters for Volume 5 BRAGFLO Calculations (Continued)

Cavitv 1
(Cavity 1 used to describe waste-emplacement region during time period of -50 years to O
years)

(1) Permeability

(2) Porosity

(3) Compressibility

(4) BCEXP

(5) BCBRSAT

(6) BCGSSAT

(7) BCFLG

(8) BC_PCT

= 1.OX 10-10

= 1.0

= 0.0

= Sampled halite Brooks-Corey exponent
(LHS variable#11)
LHS distribution type: Cumulative
Range: 2.0 x 10-2 to 1.0

= Residual brine saturation
= 0.0

= Residual gas saturation
= 0.0

= Brooks-Corey weighting factor
= 1.0

= Brooks-Corey Threshold Capillary Pressure
= 0.0

[m2]

[dimensionless]

[Pa-l]

[dimensionless]

[dimensionless]

[dimensionless]

[dimensionless]

[Pa]
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Table B-1. Variable Parameters for Volume 5 BRAGFLO Calculations (Continued)

Culebra 1
(Culebra 1 used during time period of -50 years to O years)

(1) Permeability

(2) Porosity

(3) Compressibility

(4) BCEXP

(5) BCBRSAT

(6) BCGSSAT

(7) BCFLG

(8) BC_PCT

= 0.0

= Sampled Culebra porosity
(LHS variable #43)
LHS distribution type:
Range: 5.80565 x 10-2

= 0.0

= Brooks-Corey exponent
= 0.7

= Residual brine saturation
= 0.2

= Residual gas saturation
= 0.2

Data
to 2.5250X 10-1

= Brooks-Corey weighting factor
= 1.0

= Brooks-Corey Threshold Capillary Pressure
= 0.0

[m2]

[dimensionless]

[Pa-]]

[dimensionless]

[dimensionless]

[dimensionless]

[dimensionless]

[Pa]
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Table B-1. Variable Parameters for Volume 5 BRAGFLO Calculations (Continued)

Cavitv 2
(Cavity 2 used to describe excavated volume other than waste-emplacement region during
time period of-50 years to O years)

(1) Permeability

(2) Porosity

(3) Compressibility

(4) BCEXP

(5) BCBRSAT

(6) BCGSSAT

(7) BCFLG

(8) BC_PCT

= 1.0x 10-10

= 1.0

= 0.0

= Sampled halite Brooks-Corey exponent
(LHS variable#11)
LHS distribution type: Cumulative
Range: 2.0 x 10-2 to 1.0

= Residual brine saturation
= 0.0

= Residual gas saturation
= 0.0

= Brooks-Corey weighting factor
= 1.0

= Brooks-Corey Threshold Capillary Pressure
= 0.0

[m2]

[dimensionless]

[Pa-l]

[dimensionless]

[dimensionless]

[dimensionless]

[dimensionless]

[Pa]
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Table B-1. Variable Parameters for Volume 5 BRAGFLO Calculations (Continued)

Waste
(Waste replaces Cavity 1 at time=O years)

(1) Permeability = I.ox 10-13 [m2]

(2) Porosity = 6.601785X 10-1 [dimensionless]

(3) Compressibility = 1.6X 10-9 [Pa-] ]

(4) BCEXP = Brooks-Corey exponent [dimensionless]
= 2.89

(5) BCBRSAT = Residual brine saturation [dimensionless]
= 2.76X 10-1

(6) BCGSSAT = Residual gas saturation [dimensionless]
= 0.7

(7) BCFLG = Brooks-Corey weighting factor [dimensionless]
= 1.0

(8) BC_PCT = Brooks-Corey Threshold Capillary Pressure [Pa]
= 0,0

(9) Initial Iron (Fe) Concentration: [kglmg]

WTDRA4ET

WTFRFE

m

VDRUM

WASTE

WTFECONT

VREPOS

WTDRMET” (wTFRFEpDRuh4).~.wASTE + wTFEcONT=
VREPOS

=Mass of contents of one drum of metal+glass [kg]
= 64.5
= Mass fraction of corrodible metal in

metal+glass [dimensionless]
= 0.7210021

= Volume fraction of metal (i.e. Fe) [dimensionless]
= Sampled variable (LHS variable #9)

LHS distribution type: Normal
Range: 2.76 x 10-1 to 4.76x 10-1

= Volume (internal capacity) of one drum [m3]
= 0.21
= Design volume of waste in repository [m3]
= 1.75564 X 10s
= Mass of Fe in containers [kg]
= 2.6132656X 107
= Total excavated storage volume of repository [~3]

= 4.36023214418X 10s
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Table B-1. Variable Parameters for Volume 5 BRAGFLO Calculations (Continued)

Waste (Continued)
(Waste replaces Cavity 1 at time=O years)

(10) Initial Cellulose Concentration: [kg/m3]

= CONCBIOI
wTDRcoMB. WTFRBIO.u.(vwAsTE/vDRuM)+ WTBIOCONT

—
VREPOS

WTDRCOMB =Mass of contents of one dmm of combustibles
= 40.0

WTFRBIO =Mass fraction of biodegradables in
combustibles

= 0.5546459

(i) = Volume fraction of combustibles
= Sampled variable (LHS variable #8)

LHS distribution type: Normal
Range: 2.84 x 10-1 to 4.84x 10-1

WASTE = Design volume of waste in repository
= 1.75564x 105

VDRUM = Volume (internal capacity) of one drum
= 0.21

WTBIOCONT =Mass of biodegradables in containers
= 0.0

VREPOS = Total excavated storage volume of repository
= 4.36023214418X 105

(11) Gas Production Rate, Corrosion, Inundated

= ~ (ASDRUM .DRPANEL)
“((4.0- @/3.0).VPANELX

A = Sampled variable
(LHS variable #2)
LHS distribution type: Cumulative
Range: 0.0 to 1.3 x 10-8

ASDRUM = Surface area of corrodible metal per drum
= 6.0

DRPANEL = Number of Drums in one Panel
= 8.606362X 104

VPANELX = Excavated volume of one panel
= 46097.6458546

4.0–0
= Anoxic Iron Corrosion Stoichiometry

3.0
(n = Sampled variable

(LHS variable #4)
LHS distribution type: Uniform
Range: 0.0 to 1.0

[kg]

[dimensionless]

[dimensionless]

[m3]

[m3]

[kg]

[m3]

[mol Fe/(m3”s)]

[mol Fe/(m2”s)]

[m2]

[dimensionless]

[m3]

[dimensionless]

[dimensionless]
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Table B-1. Variable Parameters for Volume 5 BRAGFLO Calculations (Continued)

Waste (Continued)
(Waste replaces Cavity 1 at time=O years)

(12) Gas Production Rate, Microbial, Inundated: [mol cellulose/(m3”s)]

=
/

~ ,CONCBIOISTOIMIC

a

CONCBIOI

WTDRCOMB

WTFRBIO

u

WASTE

VDRUM

WTBIOCONT

VREPOS

STOIA41C

= Sampled variable [mol cellulose/(kg*s)]
(LHS variable #5)
LHS distribution type: Cumulative
Range: 0.0 to 1.6x 10-8

= Initial Cellulose Concentration [kglms]
(same as equation (10))

WTDRCOMB” WTFRBIO.ti”(VWASTE/VDRUM)+ WTBIOCONT=
VREPOS

=Mass of contents of one drum of combustibles [kg]
= 40.0
= Mass fraction of biodegradables in .

combustibles [dimensionless]
= 0.5546459

= Volume fraction of combustibles [dimensionless]
= Sampled variable (LHS variable #8)

LHS distribution type: Normal
Range: 2.84 x 10-1 to 4.84x 10-1

= Design volume of waste in repository [m3]
= 1.75564 x 105
= Volume (internal capacity) of one drum [m3]
= 0.21
= Mass of biodegradables in containers [kg]
= 0.0
= Total excavated storage volume of repository [m3]
= 4.36023214418X 105
= Microbial Stoichiometry
= Sampled variable -

(LHS variable #7)
LHS distribution type: Uniform
Range: 0.0 to 1.67

(13) Humidity Factor, Corrosion = Sampled variable
(LHS variable #3)
LHS distribution type:
Range: 0.0 to 0.5

(14) Humidity Factor, Microbial = Sampled variable
(LHS variable #6)
LHS distribution type:
Range: 0.0 to 0.2

[dimensionless]

[dimensionless]

Cumulative

[dimensionless]

Uniform
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Table B-1. Variable Parameters for Volume 5 BRAGFLO Calculations (Continued)

Waste (Concluded
(Waste replaces Cavity 1 at time=O years)

4.0–U
(15)Anoxic Iron Corrosion Stoichiometry = ~ o

(D = Sampled variable (LHS variable #4)
LHS distribution type: Uniform
Range: 0.0 to 1.0

(16) Microbial Stoichiometry = Sampled variable
(LHS variable #7)
LHS distribution type: Uniform
Range: 0.0 to 1.67

[dimensionless]

[dimensionless]
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Table B-1. Variable Parameters for Volume 5 BRAGFLO Calculations (Continued)

Final Disturbed Rock Zone (DRZ)
(Final DRZ replaces Initial DRZ at time=O years)

(1) Permeability
k

(2) Porosity

4A

Cl)

(3) Compressibility

s,

Pf

1?

#

Pf

(4) BCEXP

(5) BCBRSAT

(6) BCGSSAT

(7) BCFLG

= lok
= Sampled variable (LHS variable #10)

LHS distribution type: Cumulative
Range: -24.0 to -19.0

= ~~ +(o(0.06 -@~)
= Sampled anhydrite

(LHS variable #16)

= Sampled variable
(LHS variable #17)
LHS distribution type: Uniform
Range: 0.0 to 1.0

[1P;,@ ‘f
s=

= Specific storage
= 1.4X 10-6

= Salado brine fluid density
= 1.23 X 103
= Acceleration due to gravity
= 9.79

= Porosity

= !%lado brine fluid compressibility

=2.5 X 10-10

= Sampled halite Brooks-Corey exponent
(LHS variable #l 1)
LHS distribution type: Cumulative
Range: 2.0 x 10-2 to 1.0

= Sampled halite residual brine saturation
(LHS variable #13)
LHS distribution type: Uniform
Range: 0.0 to 0.4

= Sampled halite residual gas saturation
(LHS variable #14)
LHS distribution type: Uniform
Range: 0.0 to 0.4

= Brooks-Corey weighting factor
=1.0

[m2]

[dimensionless]

[dimensionless]

[dimensionless]

[Pa-l]

[m-l]

[kglms]

[rrdsq

[dimensionless]

[Pa-l]

[dimensionless]

[dimensionless]

[dimensionless]

[dimensionless]
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Table B-1. Variable Parameters for Volume 5 BRAGFLO Calculations (Continued)

Final Disturbed Rock Zone (DRZ) (Concluded
(Final DRZ replaces Initial DRZ at time=O years)

(8) BC_PCT = Brooks-Corey Threshold Capillary Pressure [Pa]

= 0.56. (Permeability)w”346

B-16



Appendix B: BRAGFLO Reference Tables

Table B-1. Variable Parameters for Volume 5 BRAGFLO Calculations (Continued)

Culebra
(Culebra replaces Culebra 1 at time=O years)

(1) Permeability

K

P

Pf

/?

(2) Porosity

(3) Compressibility

s

t

Pf

4
g

Df

(4) BCEXP

(5) BCBRSAT

(6) BCGSSAT

(7) BCFLG

K/L
=

Pfg

= Hydraulic Conductivity

= 2.24X 10-7

= Culebra brine viscosity
= 1.0 x 10-3

= Culebra brine fluid density
= 1.09X 103
= Acceleration due to gravity
= 9.79

= Sampled variable
(LHS variable #43)
LHS distribution type: Data
Range: 5.80565 x 10-2 to 2.52500 x 10-1

~-~,
= tPf@g
= Storage coefficient (= Specific storage

x thickness)

= 2.0x 10-5
= Culebra layer thickness
= 7.7

= Culebra brine fluid density

= 1.09x 103

= Porosity

= Acceleration due to gravity
= 9.79

= Culebra brine fluid compressibility

=2.5x 10-10

= Brooks-Corey exponent
= 0.7

= Residual brine saturation
= 0.2

= Residual gas saturation
= 0.2

= Brooks-Corey weighting factor
= 1.0

[m2]

[m/s]

[kg/(m.s)]

[kg/ma]

[Ir@

[dimensionless]

[Pa-l]

[dimensionless]

[m]

[kglms]

[dimensionless]
[In/sz]

[Pa-l]

[dimensionless]

[dimensionless]

[dimensionless]

[dimensionless]
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Table B-1. Variable Parameters for Volume 5 BRAGFLO Calculations (Continued)

Culebra (Concluded)
(Culebra replaces Culebra 1 at time=o years)

(8) BC_PCT = Brooks-Corey Threshold Capillary Pressure [Pa]

= 0.56’ (Permeability)-”346
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Table B-1. Variable Parameters for Volume 5 BRAGFLO Calculations (Continued)

Shaft Seal
(Shaft Seal, Upper Shaft, Lower Shaft, Backfill, Culebra Seal, and Experimental Region
replaces Cavity 2 at time=O years)

(1) Permeability

(2) Porosity

co

(3) Compressibility

s,

Pf

$
g

&

(4) BCEXP

(5) BCBRSAT

(6) BCGSSAT

(7) BCFLG

(8) BC_PCT

= Sampled variable [m2]

(LHS variable #22)
LHS distribution type: Lognormal
Range: 1.0 x 10-19 to 5.OX 10-16

[

LOG,O(o– LOG,0(l.0x10-21)=
)

(0.09-0.01)+0.01
LOG10(I.0X10-’8) – LOGIO(l.0x10-2’)

= Sampled variable
(LHS variable #23)
LHS distribution type: Lognormal
Range: 1.OX 10-21 to 1.OX 10-18

[1s,= —-P,
Pf@

= Specific storage
= 1.4x 10-6

= Salado brine fluid density
= 1.23 X 103

= Porosity

= Acceleration due to gravity
= 9.79

= Salado brine fluid compressibility
= 2.5X 10-10

= Brooks-Corey exponent
= 0.7

= Residual brine saturation
= 0.2

= Residual gas saturation
= 0.0

= Brooks-Corey weighting factor
= 1.0

= Brooks-Corey Threshold Capillary Pressure

= 0.56. (Permeability)4”346

[dimensionless]

[m2]

[Pa-l]

[m-l]

[kg/m3]

[dimensionless]

[rdsz]

[Pa-l]

[dimensionless]

[dimensionless]

[dimensionless]

[dimensionless]

[Pa]
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Appendix B: BRAGFLO Reference Tables

Table B-1. Variable Parameters for Volume 5 BRAGFLO Calculations (Continued)

Urmer Shaft
(Shaft Seal, Upper Shaft, Lower Shaft, Backfill, Culebra Seal, and Experimental Region
replaces Cavity 2 at time=O years)

(1) Permeability

(2) Porosity

m

(3) Compressibility

s,

Pf

4
g

bf

(4) BCEXP

(5) BCBRSAT

(6) BCGSSAT

(7) BCFLG

(8) BC_PCT

= Sampled variable [m2]
(LHS variable #24)
LHS distribution type: Lognormal
Range: 1.0 x 10-19 to 5.0 x 10-15

( LOGIOO – LOGIO(l.0x10-2’)

1
(0.09-0.01)+0.01

= LOG,0(l.0x10-’8) – LOG,0(1.0X10-2’)

= Sampled variable
(LHS variable #23)
LHS distribution type: Lognormal
Range: 1.0 x 10-21 to 1.OX 10-18

[)s= --P,
Pft?l

= Specific storage
= 1.4x 10-6

= Salado brine fluid density

= 1.23 X 103

= Porosity
= Acceleration due to gravity
= 9.79

= Salado brine fluid compressibility

= 2.5 X 10-10

= Brooks-Corey exponent
= 0.7

= Residual brine saturation
= 0.2

= Residual gas saturation
= 0.0

= Brooks-Corey weighting factor
= 1.0

= Brooks-Corey Threshold Capillary Pressure

= 0.56 ~(Permeability)_O”346

[dimensionless]

[m2]

[Pa-l]

[m-l]

[kgfms]

[dimensionless]
[dsz]

[Pa-]]

[dimensionless]

[dimensionless]

[dimensionless]

[dimensionless]

[Pa]
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Appendix B: BRAGFLO Reference Tables

Table B-1. Variable Parameters for Volume 5 BRAGFLO Calculations (Continued)

Lower Shaft
(Shaft Seal, Upper Shaft, Lower Shaft, Backfill, Culebra Seal, and Experimental Region
replaces Cavity 2 at time=O years)

(1) Permeability

(2) Porosity

(3)Compressibility

Pf

(4)BCEXP

(5) BCBRSAT

(6)BCGSSAT

(7)BCFLG

(8)BC_PCT

= 1.OX 10-15

= Sampled variable
(LHS variable #26)
LHS distribution type: Uniform
Range: 1.0 x 10-2 to 7.5 x 10-2

= Specific storage
= 1.4x 10-6

= Salado brine fluid density

= 1.23 X 103

= Porosity
= Acceleration due to gravity
= 9.79

= Salado brine fluid compressibility
= 2.5 X 10-10

= Brooks-Corey exponent
= 0.7

= Residual brine saturation
= 0.2

= Residual gas saturation
= 0.0

= Brooks-Corey weighting factor
=1.0

= Brooks-Corey Threshold Capillary Pressure

= 0.560 (Permeability)+”346

[m2]

[dimensionless]

[Pa-] ]

[m-l]

[kg/mg]

[dimensionless]

[In/sz]

[Pa-l]

[dimensionless]

[dimensionless]

[dimensionless]

[dimensionless]

[Pa]
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Appendix B: BRAGFLO Reference Tables

Table B-1. Variable Parameters for Volume 5 BRAGFLO Calculations (Continued

Backfill
(Shaft Seal, Upper Shaft, Lower Shaft, Backfill, Culebra Seal, and Experimental Region
replaces Cavity 2 at time=O years)

(1) Permeability

(2) Porosity

(3)Compressibility

s,

(4)BCEXP

(5) BCBRSAT

(6) BCGSSAT

(7)BCFLG

(8)BC_PCT

= 1.OX 1O-I5

= Sampled LOWER SHAFT porosity
(LHS variable #26)
LHS distribution type: Uniform
Range: 1.0 x 10-2 to 7.5 x 10-2

[)s,= —+,
Pf/M

= Specific storage
= 1.4x 10-6

= Salado brine fluid density

= 1.23 X 103

= Porosity

= Acceleration due to gravity
= 9.79

= Salado brine fluid compressibility
= 2.5 X 10-10

= Brooks-Corey exponent
= 0.7

= Residual brine saturation
= 0.2

= Residual gas saturation
= 0.0

= Brooks-Corey weighting factor
= 1.0

= Brooks-Corey Threshold Capillary Pressure

= 0.56. (Permeability)4 ”346

[m2]

[dimensionless]

[Pa-l]

[m-l]

[kglms]

[dimensionless]

[n-dsz]

[Pa-l]

[dimensionless]

[dimensionless]

[dimensionless]

[dimensionless]

[Pa]
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Appendix B: BRAGFLO Reference Tables

Table B-1. Variable Parameters for Volume 5 BRAGFLO Calculations (Continued)

Exmximental Region
(Shaft Seal, Upper Shaft, Lower Shaft, Backfill, Culebra Seal, and Experimental Region
replaces Cavity 2 at time=O years)

(1) Permeability

(2) Porosity

(3) Compressibility

s.

Pf

4
t?

I!f

(4) BCEXP

(5) BCBRSAT

(6) BCGSSAT

(7) BCFLG

(8) BC_PCT

= 1.OX 10-15

= Sampled Lower Shaft porosity
(LHS variable #26)
LHS distribution type: Uniform
Range: 1.0 x 10-2 to 7.5 x 10-2

= Specific storage

= 1.4X 10-6

= Salado brine fluid density
= 1.23 X 103

= Porosity
= Acceleration due to gravity
= 9.79

= Salado brine fluid compressibility
= 2.5 X 10-10

= Brooks-Corey exponent
= 0.7

= Residual brine saturation
= 0.2

= Residual gas saturation
= 0.0

= Brooks-Corey weighting factor
= 1.0

= Brooks-Corey Threshold Capillary Pressure

= 0.56” (Permeability)+”346

[m2]

[dimensionless]

[Pa-l]

[m-l ]

[kg/m3]

[dimensionless]
[m/s2]

[Pa-] ]

[dimensionless]

[dimensionless]

[dimensionless]

[dimensionless]

[Pa]
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Appendix B: BRAGFLO Reference Tables

Table B-1. Variable Parameters for Volume 5 BRAGFLO Calculations (Continued)

Shaft Seal 2
(Shaft Seal 2 replaces Culebra Seal, Upper Shaft, and Shaft Seal at time=200 years)

(2) Porosity

co

(1) Permeability

(3) Compressibility

Pf

(4) BCEXP

(5) BCBRSAT

(6) BCGSSAT

(7) BCFLG

(8) BC_PCT

= Sampled Shaft Seal permeability [m2]
(LHS variable #22)
LHS distribution type: Lognormal
Range: 1.0 x 10-19 to 5.0 x 10-16

( LOGIOco– LOGIO(l.0x10-2’)

= LOG,0(l.0x10-’8) – LOGIO(l.0x10”2’) 1
(0.09-0.01)+0.01

= Sampled variable
(LHS variable #23)
LHS distribution type: Lognormal
Range: 1.OX 10-21 to 1.0x 10-18

[1P;,@ “
s——=

= Specific storage

= 1.4x 10-6

= Salado brine fluid density

= 1.23 X 103

= Porosity
= Acceleration due to gravity
= 9.79

= Salado brine fluid compressibility

= 2.5 X 10-10

= Brooks-Corey exponent
= 0.7

= Residual brine saturation
= 0.2

= Residual gas saturation
= 0.0

= Brooks-Corey weighting factor
= 1.0

= Brooks-Corey Threshold Capillary Pressure

= 0.56. (Permeability)4”346

[dimensionless]

[dimensionless]

[Pa-l]

[m-l]

[kg/ma]

[dimensionless]

[11-&]

[Pa-l ]

[dimensionless]

[dimensionless]

[dimensionless]

[dimensionless]

[Pa]
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Appendix B: BRAGFLO Reference Tables

Table B-1. Variable Parameters for Volume 5 BRAGFLO Calculations (Continued)

Panel Seal

(1) Permeability

(2) Porosity

(3) Compressibility

s.

Pf

4
g

Pf

(4) BCEXP

(5) BCBRSAT

(6) BCGSSAT

(7) BCFLG

(8) BC_PCT

= Sampled variable
(LHS variable #25)
LHS distribution type: Lognormal
Range: 1.OX 10-21 to 1.OX 10-18

[m2]

[

LOGIO(Permeability) – LOGIO(l .0x10-21 )

)
(0.09 - 0.05) + 0.05

= LOG10(1.0X10-18) – LOGIO(I.0X10-21)

= Specific storage
= 1.4X 10-6

= Salado brine fluid density
= 1.23 X 103

= Porosity
= Acceleration due to gravity
= 9.79

= Salado brine fluid compressibility

=2.5x 10-10

= Brooks-Corey exponent
= 0.7

= Residual brine saturation
= 0.2

= Residual gas saturation
= 0.0

= Brooks-Corey weighting factor
= 1.0

= Brooks-Corey Threshold Capillary Pressure

= 0.56. (Permeabi1ity)q”346

[dimensionless]

[Pa-l]

[m-l]

[kglms]

[dimensionless]

[rn/s2]

[Pa-l]

[dimensionless]

[dimensionless]

[dimensionless]

[dimensionless]

[Pa]
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Appendix B: BRAGFLO Reference Tables

Table B-1. Variable Parameters for Volume 5 BRAGFLO Calculations (Concluded)

Culebra Seal

(1) Permeability

(2) Porosity

(3) Compressibility

s,

Pf

@
g

Bf

(4) BCEXP

(5) BCBRSAT

(6) BCGSSAT

(7) BCFLG

(8) BC_PCT

= 1.OX 10-18

= 0.2

= Specific storage
= 1.4x 10-6

= Salado brine fluid density
= 1.23 X 103

= Porosity

= Acceleration due to gravity
= 9.79

= Salado brine fluid compressibility
= 2.5 X 10-10

= Brooks-Corey exponent
= 0.7

= Residual brine saturation
= 0.2

= Residual gas saturation
= 0.0

= Brooks-Corey weighting factor
= 1.0

= Brooks-Corey Threshold Capillary Pressure

= 0.560 (Permeability)+ ”346

[m2]

[dimensionless]

[Pa-l]

[m-l]

[kglms]

[dimensionless]

[In/sz]

[Pa-l]

[dimensionless]

[dimensionless]

[dimensionless]

[dimensionless]

[Pa]
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Run
W

I
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

Appendix B: BRAGFLO Reference Tables

Table B-2. 1992 BRAGFLO Computed Variable Values for ANHYDRITE

PQu2sh!

2.8660x 10-2
6.9900x 10-3
2.8970x 10-2
5.6130x10-3
2.0560x10-2
I .3750X 10-2
2.5930x10-2
3.1850x10-3
2.7270x10-2
9.6770x 10-3
2.5730x10-3
9.8270x10-3
I.66IOX1O-2
1.9600x10-2
1.I59OX1O”3
5.8700x 10-3
2.3950x 10-2
6.1370x10-3
6.2550x10-3
1.7070X10-2
2.3500x10-2
2.6030x10-2
2,9920x 10-2
I.47IOX1O-2
2.4720x 10-2
1.8820x 10-2
2.2740x 10-3
2.8830x10-3
1.2680x 10-2
8.7910x10-3
1.7650x 10-2
2.0930x10-2
6.6640XIO”3
9. IO3OX1O-3
2.4230x10-3
2.7120x10-2
5.0960x 10-3
1.8940x 10-3
1.0090X 10-2
2.2760x 10-2
1.8020x 10-2
2.1990x10-2
5.1 790X10-3
3.9OIOX1O-3
9.3870x10-3
2.8280x 10-2
6.5700x 10-3
2.2390x 10-2
1.6820x 10-3
1.2890x 10-2
7.8440x 10-3
4.713 OX1O-3

B!a3sAIBccts&u Bc PCT

I .4125x 10-18
1.6982x10-20
9.1201x10-19
5.OII9X1O43
1.1482x10”20
1.5136x10-20
1.7783x10-20
1.8197x10-19
1.2303x10-20
5.2481x10-]8
1.3183x10-20
2.2387x 10-19
4.8978x10-20
1.Oooox10-20
2.0893x10-20
5.1286x10-19
5.7544X1O-2O
6.6069x10-20
4.5709x10-20
4.4668x10-20
1.1481x10-19
7.4131x10-2°
3.5481x10-20
6. 1660x10-20
3.2359x10-20
2.3988x10-20
2. 1878x10-20
1,9499X1O”2O
3.0903X10“20
7.4131xI0-20
3.2359x 10-21
1,W71X1O-2O
4.6774x 10-19
1.2303x10-20
2.8184x10-20
1.9953XI0-2’3
2.5704x10-20
1.5136x10-19
5.6234x10-20
2.0893x10-19
3.9811x10-]9
2.3442x10”21
2.6915x10-19
5.3703X1O-2O
9.7724x10-20
1.6596x10-20
9.1201x10-20
1,4125x10-20
6.9183x10-19
2.4547x10-20
4.0738x10-]7
8.7097x 10-20

2.6476x 10-9
I .1631X10-8
2.6166x10-9
1.4545x 10-8
3.7891x10-9
5.7896x10-9
2.9526x 10-9
2.5824x10-S
2.7953x10-9
8.3317x10-9
3.2026x10-8
8.2007x 10-9
4.7497x 10-9
3.9870x10-9
7. 1402x10-8
1.3897x10-8
3.2174x10-9
1.3282x10-8
1.3026x10-8
4.6150x10-9
3.2838x10-9
2.9403x10-9
2.5256x 10-9
5.3955x 10-9
3. 1094X10-9
4. 1626x10-9
3.6269x 10-8
2.8555x10-8
6.2993x 10-9
9.1966x10-9
4.4551XI0-9
3.7I77X1O-9
1.22I2X1O-8
8.8728x10-9
3.4024x 10-8
2.8121x10-9
1.6046x10-8
4.3596x 10-8
7.9804x 10-9
3.3987x 10-9
4.3585x10-9
3.5265x10-9
1.5785x10-X
2.1038x10-8
8.5968x10-9
2.6865x10-9
1.2390x10-8
3.4590X10-9
4.9123x10-E
6. 1926x10-9
1.0337X10-8
1.7370XIO”8

9.6790 8.7890x10-2 2.3300x10-1
4.9660x10-1 1.4570x 10-1 1.2590x 10-1
6.7900x10-] 1.8490x10-1 2.1660x10-1
5.1820 1.7260x10-1 I .8900x10-1
4.0710x10-] 1.9880x10-1 1.4590x10-1
6.1420 3.3170XI0-I 4.793 OX1O-2
1.0990 3.5430x10-2 I .6220x10-1
6.4480 3.8660x10-1 2.8520x10-2
4.2610x10-1 3.4080x10-] 1.8690x 10-]
1.5170 7.9000x 10-2 3.4810x 10-]
5.1250x10-1 2.7170x10-1 2.0030x10-1
7.4960 1.4100x 10-1 2.8620x 10-1
2.2490 3.6500x10-] 2.9370x10-1
3.0620x10-1 8.3660x10-3 1.7360x10-1
4.4620x10-1 2.3100x10-1 3.8350x10-1
5.3590x10-1 3.7890x10-] 2.1720x10-1
5.9190 I .1130x10-1 3.8060x10-1
5.8730x10-1 2.9470x10-] 8.6120x10-3
2.0050 1.164OX1O-1 1,667OX1O-I
6.7090x10-1 1.2940x10-1 3.2110x10-1
2.2590x10-1 I .9770x10-2 2.2330x10-1
1.4340 2.1830x 10-] 1.8710x10-2
7,0990 2.3880x10-1 4.5230x10-2
4.3270x10-] 6.1270x10-2 2.6430x10-1
2.7610 3.O51OX1O-I 9.99OOX1O-2
5.2660 2.4700x 10-I 6.8060x10-2
8.3330 2.1280x10-] 7.5730x10-2
7.9460 3.4740x IO”] 1.5270x10-1
6.0410x10-1 3,3040x10-1 3.5780x10-]
2.0040XI0-1 1.4050XI0-2 1.5530xlo-l
3.3160x10-1 2.1130x10-1 2.4050x10-1
8.880Q 3. I43OX1O-1 3.7550XI0-1
5.2200x10”1 1.0530x 10-1 3.4190x10-1
8.6520 2.5150x 10-1 3.6280x10-1
3.9470x IO”1 2.9070x10-1 I .3390x10-1
2.7500x 10-1 3.7090x10-1 3.6960x10-1
6.9780 2.2650x10-1 3.0790x10-2
2.9640 1.7810x 10-1 3.9620x 10-1
2.6060x IO”1 1.6330x10-1 3.7240x10-2
2.4160x10-1 2.4340x10”1 ],l]OOX]O-l
5.7490XIO”1 1.3340xlo-l 1.0650XIO”I
5.4840x 10-1 3.9640x10-] 3.3500x 10-I
4.0000 3.9070XI0-I 1.2040XI0-I
3.6050x10”1 2.5980x10-] 5.7350x10-2
3.2390x 10-1 1.5830x10”1 9.4 I9ox1o-2
4.6060 x10-] 6.5170x10-2 2.3880x 10-1
3.4760 3.1780x10-t 2.6060x10-1
7.7080 4.5510x IO-2 2.0750x IO”1
3.7530x IO”1 5,0110x10-2 6.WOXIO-2
3.5390x 10-1 1.8990x10-] 1.9850x10-1
5.6000x10-[ 2.3180x10-2 I .1810x10-2
3.2370 1.5040x10-] 3.8860x10-1

O.0000
1.0000
1.0000
1.0000
1.00041
O.CQOO
O.0000
1.0000
1.0000
1.0000
0.0000
1.0000
1.0000
1.0000
0.000o
l.s&

O.0000
1.OoQo
1.0000
0.0000
1.0000
1.0000
1.0000
I .Oooo
1.0000
1.0000
0.000o
1.0000
0.0000
1.0000
1.0000
1.0000
0.0000
1.0000
1.0000
1.0000
1.0000
1.Oi)oo
1.0000
1.0000
0.0000
0.0000
0.0000
1.0000
1.0000
I Woo
O.CQOO
1.0000
I .Oooo
1.0000
0.000i)

8.4002x 10s
3.8780x 106
9.773 OX1O5
2.6668x106
4.4405X 106
4.0356x 106
3.8167x 106
1.7070X I06
4.3356x 106
5.3342x 105
4.2332x106
1.5889x106
2.6881x 106
4,6579x106
3.6097x 106
1.1927x106
2.5423x 106
2.4236x 106
2.7531x106
2.7752x 106
2.0018x 106
2.3290x 106
3.0053 XI0’3
2.4823x 106
3.1026x 106
3.4412x106
3.5526x 106
3.6970x 106
3.1525x 106
2.3290x 106
6.8822x 106
4.5842x106
1.2313x 106
4.3356x106
3.2545x106
3.6677x 106
3.3599X106
1.8193x 106
2.5626x 106
I .6273x106
1.3019XI06
7.6943x 106
1.4908x 106
2.6038x 106
2.1166x106
3.9090XI06
2.1678x 106
4,1332x 106
1.0753XI06
3.4139X106
2.6250x IOS
2.2027x 106
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Appendix B: BRAGFLO Reference Tebles

Table B-2. 1992BlU GFLOComputed Variable Values for ANHYDRITE (Concluded)

53 1.5900X 10-2
54 1.4500X10“2
55 2.0030x10-2
56 1.1650x10-2
57 4.5630x10-3
58 8.7110x 10-3
59 2.5160x10-2
60 8.2600x 10-3
61 7.3840x10-3
62 1.2250x 10-2
63 4.1090x10-3
64 3.7390X IO-3
65 7.4700x 10-3
66 3.533 OX1O”3
67 8.1910x10-3
68 1.0760x10-2
69 1.5190x10-2
70 1.4890x 10-3

Permeab l&L
. .
1

7.7625 x10-19
1.4454x 10-20
1.0233 x10-17
1.0965x 10-20
5.2481 x10-2]
3.3884 x10-19
7.9433 X1O-2O
9.5499X 1O-2O
4. 1687x 10-20
5.4954 XI0-19
9.5499 XI0-17
2.6915x10-20
3.7153 XI0-2’3
3.981 lx10”20
1.3804x 10-19
6.7608x10-20
3.31 13XI0-20
1.349OX1O-21

QmudbiMIKEx.I?

4.9729 x10-9 6.7410
5.4772 x10-9 4.7200x 10-1
3.8960x10-9 6.5030x 10-1
6.8783 x10-9 4.8480
1.7950X 10-8 9.2110
9.2833 x10-9 6.4060x10-1
3.O5O7X1O-9 8.9580
9.8038 x10-9 9.8620
1.0997 XI0-8 8.0490x10-1
6.5292 x10-9 2.8630x10-’
I .9961x10-8 3.7540
2.1960 x10-8 2.4950
1.0867x 10-8 2.5410x10-1
2.3255 x10-8 6.9150x10-1
9.8885 x10-9 5.5890
7.4679 x10-9 4.5200
5.2171 x10-9 4.3270
5.5522 x10-8 6.2770x 10-1

BQBFwicriQssAI

2.8470x10-] 1.8060x10-1
1.6590x10-1 2.7290x IO”1
3.2450x10-1 3.0330x IO”1
9.2770x 10-2 5.22 lox10-2
5.1 160x10-3 2.7770x 10-1
3.4880x10-1 3.2980x 10-1
8.5120 x10-2 3.1270x10-]
7.0380x 10-2 8. 1940x 10-2
2.7910x IO-) 1.3890x10-1
3.5990x10-1 2.5120x10-]
2.0010x IO-1 2.8360 xIO”1
2.9320x 10-2 8.7020x 10-2
2.6410XIO” I 3.5 IOOX1O-1
1.2380x10-1 3.1630x10-1
5.6350x 10-2 2.5370x 10-1
3.0240x 10-1 2.9970x 10-1
3.7150x10-1 4.8390x IO”3
1.0130x10-1 1.1920x10-1

r3cFLci

1.0000
0.0000
0.0000
0.0000
1.0000
1,0000
1.0000
1.0000
1.0000
1.0000
0.0000
1.0000
1.0000
0.0000
0.0000
0.0000
1.0000
1.0000

X ITT

1.0334X 106
4. IOO4X1O6
4.2338x 105
4.5118x106
5.8219x 106
1.3766x 106
2.2740x 106
2.1336x 106
2.8423x106
1.1645XI06
1.9548x 105
3.3068x106
2.9578x106
2.8879x 106
1.8782x 106
2.4044x 106
3.0780x 106
9.3155 X1O’5
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Table B-2 ]992 BRAGFLO Ranks of Computed Variable Values for ANHYDRITE

Run
ML

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

;;
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

B2Ks2dY

68.
24.
69.
18.
54.
42.
63.

9.
66.
34.

7.
35.
47.
52.

1.
19.
60.
20.
21.
48.
59.
64.
70.
44.
61.
51.

5.
8.

40.
31.
49.
55.
23.
32.

6.
65.
16.
4.

36.
58.
50.
56.
17.
12.
33.
67.
22.
57.

3.
41.
27.
15.

66.
16.
65.
37.

8.
14.
17.
54.

9.
67.
Il.
56.
36.

5.
20.
61.
40.
42.
35.
34.
51.
44.
30.
41.
28.
22.
21.
18.
27.
44,

3.
6.

60.
9.

26.
19,
24.
53.
39.
55.
59.

2.
57.
38.
50.
15.
48.
12.
63.
23.
69.
47.

3.
47.

2.
53.
17.
29.

8.
62.

5.
37.
64.
36.
24.
19.
70.
52.
11.
51.
50.
23.
12.
7.
1.

27.
10.
20.
66.
63.
31.
40.
22.
16.
48.
39.
65.

6.
55.
67.
35.
13.
21.
15.
54.
59.
38.

4,
49.
14.
68.
30.
44.
56.

BCEXP

69,
21.
34.
52.
15.
56.
37.
57.
16.
39.
22.
61.
41.

8.
18.
24.
55.
28.
40,
33.

2.
38.
60.
17.
43.
53.
64.
63.
29.

1.
10.
66.
23,
65.
14.
6.

59.
44.

5.
3.

27.
25.
48.
12.
9.

19.
46.
62.
13.
11.
26.
45.

16.
26.
33.
31.
35.
59.

7.
68.
60.
14.
48.
25.
64.

2.
41.
67.
20.
52.
21.
23.
4.

39.
42.
11.
54.
44.
38.
61.
58.

3.
37.
55.
19.
45.
51.
65.
40.
32.
29.
43.
24.
70.
69.
46.
28.
12.
56.

8.
9.

34.
5.

27.

BCGSSAT

41.
23.
38.
34.
26.

9.
29.

5.
33.
61.
36.
51.
52.
31.
68.
39.
67.

2.
30.
57.
40.

4.
8.

47.
18.
12.
14.
27.
63.
28.
43.
66.
60.
64.
24.
65.

6.
70.

7.
20.
19.
59.
22.
11.
17,
42.
46.
37.
13.
35.

3.
69.

BCFLG

1.
24.
24.
24.
24.

1.
1.

24.
24.
24.

1.
24.
24.
24.

1.
24.

1.
1.

24.
24.

1.
24.
24.
24.
24.
24.
24.

1.
24.

1.
24.
24.
24.

1.
24.
24.
24.
24.
24.
24.
24.

1.
1.
1.

24.
24.
24.

1.
24.
24.
24.

1.

BC PCT

5.
55.

6.
34.
63.
57.
54.
17.
61.

4.
60.
15.
35.
66.
51.
10.
31.
29.
36.
37.
20.
26.
41.
30.
43.
49.
50.
53.
44.
26.
68.
65.
Il.
61.
45.
52.
47.
18.
32.
16.
12.
69.
14.
33.
21.
56.
23.
59.

8.
48.

2,
24.
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Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for ANHYDRITE (Concluded)

Run
m

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

46.
43.
53.
38.
14.
30.
62.
29.
25.
39.
13.
11.
26.
Io.
28.
37.
45.

2.

Permeability

64.
13.
68.

7.
4.

58.
46.
49.
33.
62.
70.
25.
31.
32.
52.
43.
29.

1.

25.
28.
18.
33.
57.
41.

9.
42.
46.
32.
58.
60.
45.
61.
43.
34.
26.
69.

58.
20.
32.
51.
68.
31.
67.
70.
36.

7.
47.
42.

4.
35.
54.
50.
49.
30.

BCBRSAIBCGSSAI

50. 32.
30. 48.
57. 54.
17. 10.

1. 49.
62. 58.
15. 55.
13. 15.
49. 25.
63. 44.
36. 50.

6. 16.
47. 62.
22. 56.
10. 45.
53. 53.
66. 1.
18. 21.

24.
1.
1.
1.

24.
24.
24.
24.
24.
24.

1.
24.
24.

1.
1.
1.

24.
24.

E!crn

7.
58.

3.
64.
67.
13.
25.
22.
38.
9.
1.

46.
40.
39.
19.
28.
42.
70.
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Table B-2 1992 BRAGFLO Computed Variable Values for BACKFILL

Run
M

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

Em2dY

2.4490x10-2
1.1240x 10-2
5. I030X 10”2
1.6070X 10-2
4.3250x 10-2
5.8630x10-2
6.6520x 10-2
3.6140x10-2
1.9210x 10-2
4.7300X 10-2
6.7690x 10-2
2.5040x 10-2
7.0630X I0-2
4.0420x 10-2
2.1150x10-2
7.2500x10-2
4.9250x 10-2
1.3450X 10-2
7.4520x 10-2
3.717OX1O-2
5.5630x10-2
4.4090X 10-2
6.0100XIO-2
6.9800x 10-2
6.1100x IO-2
5.6930x 10-2
2.8620x10-2
4.1490x10-2
1.4260x 10-2
3.2140x10-2
2.6760x 10-2
3.9190XIO”2
4.5660x 10-2
3.4580x10-2
3.8780x10-2
4.6630xlo-~
1.6500x 10-2
6.7530x 10-2
6.2320x10-2
5.4740X I0-2
6.3580x 10-2
7.1460x10-2
4.4580x 10-2
7.3870x 10-2
2.9730x10-2
1.2610x 10-2
6.05 10X10-2

3.3090X 10-2
4.176ox1O-2
3.0510X I0-2
1.8180XI0-2
6.51 10x10”2

1.0000X IO-15
1.0000XIO-15
1.OOOOX1O”I5
I.OMIOX1O-15
1.0000XIO”15
I. OO’OOX1O-15
1.0000XIO-15
1.OOOOX1O-I5
1.0000XIO-15
1.0000XIO-15
1.0000XIO”15
1.OOOOX1O-15
lllo’ooxlo”ls
1.0000XIO-15
1.0000XIO-15
1.0000XIO”15
I.OOOOX1O-I5
1.0000XIO-15
I.OOOOX1O-15
1.0000XIO-15
I.OOOOX1O-15
1.0000XIO-15
1.0000XIO-15
I.OOOOX1O-I5
1.Ooooxlo-15
I.OOOOX1O-15
1.0000XIO-’5
1.OOOOX1O-’5
1.0000XIO-15
1J3000XI0-15
1.0000XIO-15
1.OOOOX1O”15
1.0000XIO”15
1.OOOOX1O-’5
1.0000XIO-’5
I.OOOOX1O-I5
1.OOOOX1O-1S
1.0000XIO-J5
1.0000XIO-15
1.OOOOX1O-I5
1.OOOOX1O-I5
1.0000XIO-15
1.OOOOX1O-I5
1.0000XIO-15
I.OOO4JX1O-I5
1.OOOOX1O”15
1.0000XIO-15
I.OOOOX1O-15
1.0000XIO-15
1.OOOOX1O-I5
1.0000XIO-15
1.0000XIO”15

4.4974 XI0-9
1.0094X10-8
2.0283 x10-9
6.9848x 10-9
2.4381 x10-9
1.7330X 10-9
1.4978x 10-9
2.9670x10-9
5.8022 x10-9
2.2080x 10-9
1.4676x 10-9
4.393 IX1O-9
1.3961x10-9
2.6264 x10-9
5.2470x 10-9
1.3536x10-9
2.1 107XIO-9
8.3941 x10-9
1.3101XI0-9
2.8779x 10-9
1.8399x 10-9
2.3869x 10-9
1.6845x 10-9
I.4157X1O-9
1.6528 x10-9
1.7922x 10-9
3.8123 x10-9
2.5522x 10-9
7.903 IX1O-9
3.3674x 10-9
4.0946x 10-9
2.7166x10-9
2.2963 x10-9
3.1121 x10-9
2.7480x 10-9
2.2433 x10-9
6.7962 x10-9
1.47 16x10-9
1.6156x10-9
1.8739x10-9
1.5786 x10-9
1.3770XI0-9
2.3580x10-9
1.3239x 10-9
3.6606X1O-9
8.9699x 10-9
1.6714 x10-9
3.2635 x10-9
2.5341 x10-9
3.5606 x10-9
6.1451 x10-9
1.5356x 10-9

7.OOOOX1O-1
7.00cOx lo-l
7.OOOOX1O-1
7.0000XIO-I
7.Ooooxlo-l
7.oocOxlo”l
7.0000X IO-1
7.0000XIO-I
7.0000xlo-l
7.OOOOX1O-I
7.0000X IO-1
7.00(KIXIO-I
7.0000XIO-I
7.O(MX1O-1
7,0000xlo-1
7.0000XIO”l
7.0000X IO-I
7.OOOOX1O-I
7.0000XIO-I
7.0000XIO-I
7.0000X IO-I
7.0000XIO-I
7.cOoox lo-l
7.0000XIO-I
7.OOOOX1O-1
7.OOOOX1O-I
7.ouooxlo-l
7.OOOOX1O-I
7.OOOOX1O-I
70000xlo-1
7.OOOOX1O-I
7.0000XIO-1
7.0000X IO-I
7.OOOOX1O-I
7MSOOX1O-1
7.OOOOX1O-I
7M!4MX1O-I
7.OOOOX1O-I
7JXSOOX1O-1
7.0000X IO-I
7.OOOOX1O-I
7.00(Xlxlo-l
7.OOOOX1O-I
7.0000x lo-l
7.Ooooxlo-l
7.OOOOX1O-I
7.ooOOxlo”l
7,OOOOX1O-I
7.OoOoxlo-l
7.OoOoxlo-l
7.0000XIO”I
7WOOX1O-1

BC RSAIB

2.0000XIO-I
2.OOOOX1O-1
2.OOOOX1O-1
2.OOOOX1O-1
2.0000XIO-I
2.0000xlo-l
2.OOOOX1O-I
2.0000xlo”l
2.0000XIO-1
2.0000X IO-1
2.0000XIO-1
2.0000XIO”I
2.OOOOX1O-I
2.OOOOX1O”1
2.0000XIO-1
2.ooOoxlo-l
20000xlo-1
2.ooOoxlo-1
2.0000xlo-l
2.OOOOX1O-1
2.OOOOX1O-1
2.0000xlo”l
2.0000XIO-I
2.OOOOX1O-1
2MM3OX1O-I
2.ooOoxlo-l
2.OOOOX1O-I
2.OOOOX1O-1
2.(MOOX1O-I
2.ocOoxlo-l
2.OOOOX1O-I
2000’oxlo-l
2.OOOOX1O-1
2.0000xlo-l
2.ooOoxlo-l
2.OOOOX1O-I
2.0000XIO-I
20000xlo-1
2.OCM)OX1O-I
2.OOOOX1O-I
2.0000XIO”l
2.OOOOX1O-1
2.OOOOX1O-1
2.ooOoxlo-l
2.OOOOX1O-I
2.OOOOX1O-1
2.0000x lo-l
2.OOOOX1O-I
2.OOOOX1O-’
2.OOOOX1O-I
2.OOOOX1O-I
2.0000X IO-1

BcaisAIBcELQEK.r?a

O.0000
0.0000
0.0000
0.0000
0.000a
O.0000
0.0000
0.0000
0.0000
0.0000
0.00CM
O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.000a
O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.000o
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.OoCo
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.Oorxl
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
I .Oooo
1.OoCo
1.0000
1.0000
1.0000
1.0000
I .Oooo
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

8.6734x104
8.6734x 104
8.6734x104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x104
8.6734x104
8.6734x 104
8.6734x104
8.6734x 104
8.6734x 104
8.6734x104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x104
8.6734x 104
8.6734x 104
8.6734x104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x104
8.6734x 104
8.6734x 104
8.6734x104
8.6734x 104
8.6734x104
8.6734x104
8.6734x 104
8.6734x104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x104
8.6734x 104
8.6734x104
8.6734x 104
8.6734x104
8.6734x104
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Table B-2 1992 BRAGFLO Computed Variable Values for BACKFILL (Concluded)

Run
m

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

Im2siIY

2.0520X 10-2
6.4400x10-2
2.6330x10-2
3.547OX1O-2
1.9820x 10”2
2.3880x 10-2
5.799OX1O-2
6.9150x10-2
1.54OOX1O”2
2.7890 x10-2
5.2340x10-2
5.35 OOX1O-2
1.0820x 10-2
5.O4IOX1O-2
3.3230x10-2
2.2660x10-2
4.8950x10-2
5.3660x IO”2

I. OOOOX1O-15
1000OXIO-15
1IMMOX1O-’5
1.0000X IO-15
1.0000X IO-’5
1.0000X IO-15
1.0000XIO”15
l.cmoxlo-’s
I. OOOOX1O-I5
1.0000XIO-15
1.0000XIO-15
1.OOOOX1O-I5
I. OOOOX1O-15
1.0000X IO-15
1.OOOOX1O”I5
1.OOCOX1O-I5
1.0000XIO-15
1.0000XIO-’5

5.4158 x10-9
1.5553 XI0-9
4. 1656x 10-9
3.0278 x10-9
5.6159x10-9
4.6186x10-9
1.7549x 10-9
1.4313 XI0-9
7.2995 x10-9
3.9186x10-9
1.9713 XI0-9
1.9231 x10-9
1.0495 XI0-8
2.0563 x10-9
3.2487 x10-9
4.8807 x10-9
2.1251 x10-9
1.9166 x10-9

7.OOOOX1O-1
7.OOOOX1O-I
7.OOOOX1O-I
7.OOOOX1O-1
7.CQOOXIO-1
7.OOOOX1O-I
7.OOOOX1O-1
7.OCX30X10”I
7.0000X10” I
7.OOOOX1O-1
7.0000XIO-I
7.WOOXIO-1
7.c030xlo-l
7.OOOOX1O-1
7.ooOoxlo”l
7.ooOOxlo-l
7.OOOOX1O-1
7.0000XIO-I

2.000J3XI0-1
2.0000XIO”l
2.0000XIO-1
2.0000XIO-I
2.OOOOX1O-I
2.0000XIO-1
2.OOOOX1O-1
2,000J3XI0-I
2.OOOOX1O-1
2.0000XIO”l
2.0000X IO-I
2.0000XIO-I
2.OOOOX1O-1
2.OOOOX1O-I
2.0000X IO”l
2.OOWX1O-I
2.0000XIO-I
2.0000XIO” I

BxissAxEKH&IM2KI

Oaooo
O.0000
os3000
O.ocoo
O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.00CQ
O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.0000
1.0000
1.0000
1.0000
I .Oooo
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

8.6734x 104
8.6734x 104
8.6734x104
8.6734x104
8.6734x 104
8.6734x104
8.6734x104
8.6734x104
8.6734x 104
8.6734x 104
8.6734x104
8.6734x104
8.6734x 104
8.6734x 104
8.6734x104
8.6734x 104
8.6734x104
8.6734x 104
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Table B-2 1992 BR4GFL0 Ranks of Computed Variable Values for BACKFILL

1

:
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

&IQsiIY

16.
2.

45.
7.

36.
53.
61.
29.
10.
41.
63.
17.
66.
33.
13.
68.
43.

4.
70.
30.
50.
37.
54.
65.
56.
51.
21.
34.

5.
24.
19.
32.
39.
27.
31.
40.

8.
62.
57.
49.
58.
67.
38.
69.
22.

3.
55.
25.
35.
23.

9.
60.

Pemteabdut

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

;:
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

. .
s]bd (y1

55.
69.
26.
64.
35.
18.
10.
42.
61.
30.

8.
54.

5.
38.
58.

3.
28.
67.

1.
41.
21.
34.
17.
6.

15.
20.
50.
37.
66.
47.
52.
39.
32.
44.
40.
31.
63.

9.
14.
22.
13.
4.

33.
2.

49.
68.
16.
46.
36.
48.
62.
11.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

;:
1.
1.
I.
1.
1.
1.
1.
1.
1.
1.
1.
1.
I.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

K RSATB

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

BCGSSAT

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
I.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

13cm-i

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

Bc PCT

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
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~pendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for BACKFLLL (Concluded)

Run
k

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

B2LmilY

12.
59.
18.
28.
11.
15.
52.
64.

6.
20.
46.
4-?.

1.
44.
26.
14.
42.
48.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

59.
12.
53.
43.
60.
56.
19.
7.

65.
51.
25.
24.
70.
27.
45.
57.
29,
23.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

BCFf G

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

13c PCT

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Computed Variable Values for CAVITY_l

Run
ISSL

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

E?IQSki

1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.Woo
1.0000
1.0000
1.0000
1.Cx)oo
1.0000
1.0000
I .Oooo
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
I .Oooo
1.0000
I .Oooo
1.0000
I .Oooo
1.0000
1.0000
1.0000
I .Oooo
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
I .Oooo
1.0000
1.0000
I .Oooo
1.Oi)oo
1.0000
1.0000
I .Oooo
1.0000
1.OoQo

esSibility

1.OOOOXIO-10
1.OOOOXIO-10
l.oOooxlo”lo
1.OOOOX1O-10
l.ooOOxlo-lo
I.OOOOX1O-10
I.OOOOX1O-10
1.OOOOX1O-10
I.OOOOX1O-10
1.OW)OX1O-10
1JMOOX1O-10
1.OOOOX1O-10
I.000oxlo-lo
1.OOOOX1O”1O
Illlooxlo-lo
1.OOOOX1O-10
I.OOOOX1O-10
I.OOOOXIO-10
IJ3000xlo”]o
1000oxlo-lo
1,00J30XI0-10
1.0000XIO-10
I.0000XIO-10
I.OOOOX1O-10
I.0000XIO-10
I.0000XIO-10
I. OOOOX1O-10
1.OOOOXIO-10
1.OOOOXIO-10
Iftoooxlo-lo
I.ooOOxlo-lo
I.000oxlo”lo
IOooOxlo”lo
1000oxlo-lo
IJ3000xlo”lo
1.0000XIO”IO
I.OOOOX1O-10
1,OOOOXIO”1O
1.OOOOX1O-10
I.OOOOXIO-10
I.OOOOX1O-10
I.0000XIO-10
1.0000XIO”IO
I.OOO3X1O-10
I.000oxlo-lo
1.0000XIO-10
1.OOOOXIO-10
1.000oxlo-lo
I.0000XIO-10
1,OOOOX1O-10
1.OOOOX1O-10
1,OOOOX1O-10

O.0000
0.0000
0.0000
0.0000
0.0000
0.000o
0.0000
0.0000
oaooo
0.000a
O.0000
O.cooo
O.0000
0.0000
0.0000
0.ooOO
0.0000
0.0000
0.0000
0.0000
0.ooOO
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.ooOO
0.0000
0.0000
0.0000
0.0000
0.OOOO
0.0000
O.woo
O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

9.6790
4.9660x10-]
6.7900x10-]
5.1820
4.O7IOX1O-I
6.1420
I .0990
6.4480
4.2610x10-1
1.5170
5.1250x IO”]
7.4960
2.2490
3.0620x10-]
4.4620x 10-]
5.359OX1O-1
5.9190
5.8730x10-1
2.0050
6.7090x10-]
2.2590x10-1
1.4340
7.0990
4.3270 x10-1
2.7610
5.2660
8.3330
7.9460
6.0410x IO-]
2.0J340X10-1
3.3160x10-1
8.8800
5.2200x10-1
8.6520
3.9470X 10”1
2.7500x10-]
6.9780
2.9640
2.6060 x10-1
2.4160x10-1
5.7490 XI0-’
5.4840x 10-’
4.oOcO
3.6050x 10-1
3.2390 x10-1
4.6060x10-1
3.4760
7.7080
3.7530X I0-I
3.5390 XI0-I
5.6000x 10-1
3.2370

BcMwiEBmssAIEff23&

O.0000
0.0000
0.ooOO
0.ooOO
0.ooOO
0.0000
0.0000
O.OQOO
O.CQOO
O.0000
0.0000
0.0000
0.0000
0.ooOO
0.0000
O.CQOO
O.0000
0.0000
0.5300
0.ooOO
0.0000
0.0000
0.0000
O.OQOO
O.0000

~ O.0000
0.000a
O.0000
0.0000
0.0000
0.0000
0.0000
0.OOOO
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.ooOO
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.ooOO
0.0000
0.000a
O.ocoo
O.0000

0.0000
0.0000
0.0000
0.0000
ooooO
0.00CK)
O.0000
0.0000
0.0000
0.000o
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.ooOO
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.000Q
O.0000
0.0000
O.ocuo
O.0000
0.0000
0.0000
0.0000
0.0000
0.00Q0
O.0000
0.0000
0.ooOO
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.00Q0

I .Oooo
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.OQoo
1.OocM1
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
I .Oooo
1.0000
10000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.OtXX1
1.OQoo
I .Oooo
1.0000
1.OoCo
1.0000
1.0000
1.OQoo
1.00J30
1.0003
1.0000
1.OQoo
1.OoQo
1.00J30
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

Bc PCT

0.000il
O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
ooooo
0.00C0
O.0000
0.0000
0.0000
0.ooOO
0.0000
oaooo
O.0000
0.0000
O.ocm
0.000o
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
oaooo
O.0000
0.0000
O.ocw
O.0000
0.0000
0.0000
0.0000
o.oocO
O.0000
0.0000
0.0000
0.OOOO
O.0000
0.0000

,,, ,. . . ,,.,
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Computed Variable Values for CAVITY_l (Cmrcluded)

Run
M

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

F!QmitY

1.0000
1.0000
1.000J3
1.0000
I .0000
1.m
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.OoQo
I .Oooo
1.0000
1.0000

1.OOOOX1O-10 O.0000
I.OOOOX1O-10 O.m
1.0000XIO-’O O.0000
I.0000XIO-’O O.0000
1.OOOOXIO-10 0.000o
1.Ooooxlo”lo O.0000
1.OOOOX1O-10 O.0000
I. OOOOX1O-10 O.0000
I.0000XIO-10 O.OCQO
1.OOOOXIO”IO O.0000
I.OOOOXIO-10 0.000o
1.OOOOX1O-10 O.0000
1.0000X IO-10 O.0000
I.Ooooxlo”lo O.0000
I.OOOOXIO-10 O.0000
1.OOOOXIO-10 O.0000
I.OOOOX1O-10 O.0000
1.OOOOXIO-10 O.0000

6.7410
4.7200x10-1
6.5030x10-1
4.8480
9.2110
6.4060x 10“]
8.9580
9.8620
8.0490x10-1
2.8630x10-]
3.7540
2.4950
2.5410x IO-1
6.9150x10-1
5.5890
4.5200
4.3270
6.2770x IO”1

o.ooOO
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
oaooo
O.cx)oo
O.0000
0.0000
0.0000

rxGssAIEcEI&

0.0000 1.0000
0.0000 1.0000
O.m 1.0000
0.0000 1.0000
0.0000 1.OoQo
O.0000 1.0000
0.0000 1.0000
0.0000 1.0000
0.0000 1.0000
0.0000 I .Oooo
0.0000 1.OoCQ
O.0000 1.0000
0.0000 1.0000
0.0000 1.0000
0.000o 1.0000
0.0000 1.0000
0.0000 1.0000
0.0000 1,0000

BC PCT

O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
O.oocm
O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for CAVITY_l

Run
MA

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

Bm2dY

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

69.
21.
34.
52.
15.
56.
37.
57.
16.
39.
22.
61.
41,

8.
18.
24.
55.
28.
40.
33.

2.
38.
60.
17.
43.
53.
64.
63,
29.

1.
10.
66.
23.
65.
14.
6.

59.
44.

5.
3.

27.
25.
48.
12,
9.

19.
46.
62.
13.
11.
26.
45.

3CBRSAT

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
I.
1.
1.
1.
1.
1.
1.

BCGSSAT

1.
1.
1.
1.
1.
1.
1.
1.
1.
1,
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
I.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

IKFW

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

Bc_lrL-

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for CAVITY_l (Concluded)

Run
k

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

!?sIQdY

1.
1.
1.
1.
1.
1.
1.
1.
1!
1.
1,
1.
1.
1.
1,
1.
1.
1.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

W33XP

58.
20.
32.
51.
68.
31.
67.
70.
36.

7.
47.
42.

4.
35.
54.
50.
49.
30.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

J3CGSSA T

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

Bc.E!cI

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1,
1.
1.

B-38



Appendix B: BRAGFLOReferenceTables

Table B-2 1992 BRAGFLO Computed Variable Values for CAVITY.2

Run
M

1
2
3
4
5
6
7
8
9
10
II
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
2-I
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

_

1.0000
1.0000
1.00J30
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.m
1.0000
1.0000
1.0000
1.0000
1.Woo
1.OoW
1.0000
I .Oooo
1.0000
I .OQoo
1.0000
1.0000
1.0000
1.0000
1.0000
I .Oooo
1.0000
I .Oooo
1.0000
1.Woo
1.0000
1.(DOO
1.0000
1s)ooo
1.0000
1.0000
1.0000
1.0000
1.0000
1.MH30
1.0000
I .Oooo
1.0000
1.0000
I .Oooo
1.0000
1,OocM)
I .Oooo
1.0000
1.0000
I .Oooo

~

1.OOOOX1O-10
IOooox]o-lo
1.OOOOX1O”1O
I.000oxlo-lo
1.OOOOX1O-10
IX3000xlo”lo
I13000xlo”lo
1.OOOOX1O-10
1.OOCX3X1O”1O
1.OOOOX1O-10
IJ3000xlo”lo
I.OOOOX1O-10
1.0000XIO-10
IJ3000xlo”lo
IJ3000xlo”lo
1.OOOOX1O-10
1JMOOX1O-10
1.OOOOXIO-10
1.OOOOX1O-10
1.OOOOX1O-10
1.OOOOX1O”IO
1.OOOOX1O-’O
1.OOOOX1O-10
1.OOOOXIO”1O
1.0000XIO-’O
1.0000XIO-10
1.OCOOXIO-’O
1.OOOOX1O-10
I. OOOOX1O-10
1.OOOOX1O-10
1.0000XIO”IO
1.OOOOX1O-10
I.000oxlo-lo
I.000oxlo-lo
1.Ooooxlo-lo
1.OO4)OXIO”1O
IJ)oooxlo”lo
IJ3000xlo”lo
1.OOCQX1O-10
I. OOOOX1O-10
1.OOOOXIO-10
1.OCOOX1O-10
IOoooxlo-lo
1.OOOOX1O”1O
1.0000XIO-’O
IIloooxlo-]o
I.000oxlo-lo
1.OOOOX1O-10
Il)oooxlo-lo
I.mxlo-lo
1.OOOOXIO”1O
1.OOOOX1O-10

O.0000
0.0000
0.0000
0.0000
O.OQOO
O.0000
0.0000
0.0000
O.CQOO
O.0000
0.CKM30
O.0000
0.0000
0.0000
O.moo
O.0000
0.0000
0.0000
0.0000
0.0000
osxloo
O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
O.oix)o
O.0000
0.0000
0.0000
0.0000
0.0000
0.000a
O.0000
0.0000
0.0000
0.0000
0.0000
O.OQOO
O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.000o
0.0000
0.0000
0.0000

9.6790
4.9660x 10-1
6.7900x10-1
5.1820
4.O7IOX1O-1
6.1420
1.0990
6.4480
4.2610x IO-1
1.5170
5.1250x10-1
7.4960
2.2490
3.0620x10-]
4.4620x 10-1
5.359OX1O-1
5.9190
5.8730x10-]
2.0050
6.7090x10-1
2.2590x10-1
1.4340
7.0990
4.3270x10-1
2.7610
5.2660
8.3330
7.9460
6.0410x10-1
2.OO4OX1O-1
3.3160x10-1
8.8800
5.22OOX1O-1
8.6520
3.947OX1O”1
2.7500x10-1
6.9780
2.9640
2.6060x10-1
2.4160x10-1
5.7490X 10-1
5.4840x 10-1
4.0000
3.64I5OX1O-I
3.2390x10-1
4.6060x10-1
3.4760
7.7080
3.753 OX1O-I
3.539OX1O-I
5.6OOOX1O-I
3.2370

0.000a
O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.000o
O.OQOO
O.0000
0.0000
0.0000
O.cooo
O.0000
0.0000
0.00Q0
O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
O.cooo
O.ooCo
O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

BCGNAK

O.0000
0.0000
0.00CCI
O.0000
0.0000
O.OQOO
O.0000
O.ooco
O.0000
0.0000
0.0000
oaooo
O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
oaooo
O.0000
O.ootxl
o.oOou
O.0000
0.0000
ooooo
0.00Q0
O.0000
0.0000
0.00CQ
O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.0000
1.0000
1.0000
I .Oooo
1.OoCo
1.0000
1.0000
1.0000
1.0cH30
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.(Moo
1.0000
1.0000
I .Oooo
1.0000
1.0000
1.0000
1.0000
I .Oooo
1lMCQ
1.0000
I .Oooo
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.OoCo
1.0000
1.0000
1.OoCo
1.0000
1.0000
1.0000
1.0000
I .Oooo
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

BC PCT

O.0000
0.0000
0.0000
0.0000
0.000o
0.0000
0.0000
0.0000
0.00Q0
O.OQOO
O.0000
o.cM)oo
O.0000
0.004)0
O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.000o
0.0000
O.OWO
O.0000
0.0000
O.o(n)o
O.0000
0.0000
0.0000
O.m
O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.000o
0.0000
0.0000
O.CKWO
O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
o.oo’OiI
O.0000
0.0000
0.0000
0.0000
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Table B-2 1992 BRAGFLO Computed Variable Values for CAVITY_2 (Cmrcluded)

Run
k

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

IkQsitY

1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.00011
1.0000
1.0000
1.0000
1.00@3
1.0000
1.0000
1.0000
1.0000
1.OoCQ
1.0000
1.OofM

1.OOOOX1O-10
1.OOOOXIO-10
I. OOOOX1O”1O
I.0000XIO-’O
1.00CX3XI0-10
lWOOXIO-10
1.OOOOX1O-10
1.0000X IO-’O
1.OOOOX1O-10
1.OOOOX1O-10
1.0004)XI0-’O
I.OOOOX1O-10
1.0000XIO-10
1.0000X IO-’O
I.0000XIO-’O
1.0000X IO-10
I.0000XIO-’O
1.0000XIO-’O

O.0000
0.00CQ
O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
O.o(x)o
O.0000
0.0000
0.0000
0.000a
O.0000

BcEm

6.7410
4.7200XI0-1
6.5030x10-’
4.8480
9.2110
6.4060x10-1
8.9580
9.8620
8.0490x 10-1
2.8630x10-1
3.7540
2.4950
2.5410x10-’
6.9150x 10-’
5.5890
4.5200
4.3270
6.2770x10-1

BmRsAIBxssAIFKE!&

O.0000
0.0000
0.0000
0.0000
0.ooOO
0.0000
0.0000
0.0000
0.0000
0.0000
0.000a
O.0000
0.0000
O.cooo
O.0000
0.0000
0.0000
0.000o

0.0000
O.cooo
O.0000
0.ooOO
0.0000
0.0000
oaooo
O.cooo
O.0000
0.0000
0.0000
0.000a
0.00CQ
O.0000
0.0000
0.0000
0.0000
0.0000

1.0000
I .Oooo
1.0000
1.0000
1.0000
1.0000
I .OCoo
1.0000
1.0000
1.0000
I .Oooo
1.0000
1.0000
I .Oooo
1.0000
1.0000
1.0000
1.0000

i3C PCT

O.0000
0.0000
0.000Q
O.0000
O.OQOO
O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
o.ocOo
O.0000
0.0000
0.0000
0.0000
0.0000
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Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for CAVITY_2

Run
h

1
2
3
4
5
6
7
8
9
10
II
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

-

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
I.
1.
1.
1.
1.
1,
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

;:
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

.1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
I.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

;:
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
I.

BCEXI

69.
21.
34.
52.
15.
56.
37.
57.
16.
39.
22.
61.
41.

8.
18.
24.
55.
28.
40.
33.

2.
38.
60.
17.
43.
53.
64.
63.
29.

1.
10.
66.
23.
65.
14.
6.

59.
44.

5.
3.

27.
25.
48.
12.
9.

19.
46.
62.
13.
11.
26.
45.

BCBRSAT

1.
1.
1.
1.
1.
I.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
I.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1,
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

PC PCI

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
I.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for CAVITY_2 (Concluded)

53 1. 1. 1. 58. 1. 1. 1. 1.
54 1. 1. 1. 20. 1. 1. 1. 1.
55 1. 1. 1. 32. 1. 1. 1. 1.
56 1. 1. 1. 51. 1. 1. 1. 1.
57 1. 1. 1. 68. 1. 1. 1. 1.
58 1. 1. 1. 31. 1. 1. 1. 1.
59 1. 1. 1. 67. 1. 1. 1. 1.
60 1. 1. 1. 70. 1. 1. 1. 1.
61 1. 1. 1. 36. 1. 1. 1. 1.
62 1. 1. 1. 7. 1. 1. 1. 1.
63 1. 1. 1. 47, 1. 1. 1. 1.
64 1. 1. 1. 42. 1. 1. 1. 1.
65 1. 1. 1. 4. 1. 1. 1. 1.
66 1. 1. 1. 35. 1. 1. 1. 1.
67 1. 1. 1. 54. 1. 1. 1. 1.
68 1. 1. 1. 50. 1. 1. 1. 1.
69 1. 1. 1. 49. 1. 1. 1. 1.
70 1. 1. 1. 30. 1. 1. 1. 1,
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AppendixB: BRAGFLOReferenceTables

TableB-2 1992BRAGFLO ComputedVariableValuesfor CULEBRA

Kun
I!h.!&2s&

1 1.143OX1O-1
2 1.8220x10-1
3 1.7260x10-1
4 1.2840x 10-1
5 I.22OOX1O-I
6 1.7830x10-1
7 1.2060x10-1
8 1.0450XI0-’
9 I.2IOOX1O”1
10 1.6340x 10-1
11 1.7880x10-1
12 1.3740XI0-I
13 1.115OX1O-I
14 1.2590x10-1
15 1.O75OX1O-I
16 1.2290x 10-1
17 1.4460x 10-]
18 1.7820x10-]
19 7.6020x10-2
20 2.0520x10-1
21 1,0500XI0-1
22 1.3110XI0-1
23 1.4220x10-1
24 1.4510x10-]
25 2.0340x10-1
26 2.0780x 10-1
27 I .6470x10-]
28 1.8890x10-]
29 1.5540x 10-1
30 1.6620x10-1
31 I.O2OOX1O-I
32 1.2240xIO”]
33 1.2550x10-1
34 1.4580x10-1
35 2.0210XI0-1
36 1,7180x10-1
37 1.O99OX1O”I
38 1.1960x 10-1
39 1.3280x10-1
40 1.9160x 10-1
41 1,43 IOX1O-I
42 9.5620x 10-2
43 1.2150x10-1
44 1.5930XI0-I
45 1.6170x10-I
46 1.3680x 10-]
47 7.9990X 10-2
48 1.4620x 10-1
49 I.2310x IO-1
50 6.4050x 10-2
51 1.0650XI0-I
52 2.4520x 10-1

2.0991 x10-14
2.0991 x10-14
2.0991 x10-14
2.0991 x10-’4
2.0991 x10-14
2.0991 x10-’4
2.0991 x10-14
2.0991 x10-14
2.0991 x10-14
2.0991 x10-14
2.0991 x10-’4
2.0991 x10-]4
2.0991 x10-14
2.0991 x10-14
2.0991 x10-14
2.0991 x10-14
2.0991 x10-14
2.0991 x10-’4
2.0991 x10-14
2.0991 x10-’4
2.0991 x10-14
2.0991 x10-14
2.C991X10-14
2.0991 x10-14
2.0991 x10-’4
2.0991 x10-]4
2.0991 x10-]4
2.0991 x10-]4
2.0991 x10-’4
2.0991 x10-14
2.0991 x10-14
2.0991 x10-]4
2.0991 x10-14
2.0991 x10-14
2.0991 x10-]4
2.0991 x10-14
2.0991 X10-14
2.0991 X10-]4
2.0991 x10-]4
2.0991 x10-14
2.0991 x10-14
2.0991 x10-14
2.0991 x10-14
2.0991 x10-14
2.fY391x10-14
2.0991 x10-14
2.0991 x10-14
2.0991 x10-14
2.0991 x10-]4
2.0991 x10-14
2.0991 x10-14
2.0991 x10-14

1.8795 x10“9
1.0859x 10-9
1.1602 x10-9
1.6457XIO”9
I,7451XIO”9
1.I151XI0-9
I .7683x10-9
2.0792x 10-9
1.7616x10-9
1.2396x 10-9
1.1113 XI0-9
1.5215x10-9
1.9330XI0“9
I .6833x10-9
2.0142 xIO”9
I.7305X1O-9
I.4333X1O-9
1.1 I59X1O-9
2.9519x 10-9
9.3619x10-10
2.0682 x10-9
I .64)66x10-9
1.4617x 10-9
1.4275x 10-9
9.4668x10-10
9.2134x10-10
1.2279 x10-9
1.0385x 10-9
1.3163x10-9
1.2145 x10-9
2.1363 x10-9
1.7386x 10-9
1.6895 x10-9
1.4195X1O-9
9.5438x10-10
1.1668XIO”9
I .9648x10-9
1.7852x10-9
1.5829x10”9
1.0204X 10-9
1,4510XIO”9
2.2955 x10-9
1.7533 XI0-9
1.2780x 10-9
1.2553 x10-9
1.5293 x10-9
2.7930x 10“9
1.4149 XI0-9
I .7273x10-9
3.5502 x10-9
2.0355 x10-9
7.4268 x10-]0

7.0000XIO-1
7.OOOOX1O-I
7.OOOOX1O-1
7.OOOOX1O-1
7.cOooxlo-l
7.OOOOX1O-I
7.0000X IO-1
7.0000XIO-1
7.OOOOX1O-1
7.OOOOX1O-I
7.0000XIO”I
7.0000XIO-1
7.cOooxlo-1
7.000QXIO-1
7.0000XIO-I
7.0000XIO-1
7.0000X IO-I
7.0000XIO-I
7.OOOOX1O”I
7.OOOOX1O-1
7.OOOOX1O-I
7,0000X I0-1
7.OOOOX1O-I
7.OOOOX1O-I
7.OOOOXIO”I
7.ooOoxlo-l
7.ooOoxlo”l
7.0000XIO-1
7.cOooxlo”l
70000xlo”1
7.OWOX1O-1
70000xlo”l
7.OOOOX1O-I
7.OOOOX1O-1
7.Ooooxlo”l
7.OOOOX1O’I
7.OOOOX1O-1
70000xlo-1
7.OOOOX1O”1
7.0000 XIO-I
7.OOOOX1O-1
7.0000xlo-1
7.ooOoxlo-l
7.0000X IO-I
7.OOOOX1O-I
7.ooOoxlo-l
7,OOOOX1O”1
7.0000XIO-I
7.0000X IO-1
7.0000XIO-I
7.0000XIO”I
7.OOOOX1O-1

2.0000X IO”I
2.0000X 10-1
2.OOOOX1O-I
2.0000XIO-I
2.OOOOX1O-I
2.OOOOX1O-I
2.OOOOX1O-I
2.0000XIO”I
2.OOOOX1O-I
2.OOOOX1O-I
2.OOOOX1O-I
2.OOOOX1O-1
2.0000XIO”l
2.00CX3XI0-1
2.OOOOX1O-I
2.OOOOX1O-I
2.OOOOXIO”I
2.OOOOX1O-1
2.0000XIO-I
2.0000XIO-1
2.OOOOX1O-1
2.OOOOX1O-I
2.OOOOX1O-1
2.0000XIO-1
2.OOOOX1O-I
2.OOOOX1O-1
2.0000XIO-1
2.0000XIO-1
2W30X10”I
2.OOOOX1O-I
2.OOOOX1O”1
2.OOOOX1O-I
2.OOOOX1O-I
2.OOOOX1O-1
2.OOOOX1O-1
2.0000XIO-1
2.OOOOX1O-1
2.0000X IO”l
2.0000XIO-I
2IMOOX1O”1
2.0000XIO-1
2.OOOOX1O-I
2.OOOOX1O-I
2.OOOOX1O-I
2.OOOOX1O-1
2.OOOOX1O’1
2.OOOOX1O-I
2.OOOOX1O”1
2.0000XIO-I
2.00043 XI0-I
2.OOOOX1O”1
2JMOOX1O-’

2.00C0XIO-1
2.0000XIO-I
2.OOOOX1O-I
2.OOOOX1O-I
2.OOOOX1O-1
2.OOOOX1O-1
2.OOOOX1O-’
2.OOOOX1O-1
2.OOOOX1O-1
2.OOCOX1O-I
2.OOOOX1O”1
2.OOOOX1O-I
2.OOOOX1O-I
2.OOOOX1O-I
2.OOOOX1O-1
2.OOOOX1O-I
2.OOOOXIO”I
2.OOOOX1O-1
2.OOOOX1O-1
2.OOOOX1O-I
2.ooOOxlo”l
2.OOOOX1O-I
2.OOOOX1O’I
2.004)OXIO”1
2.OOOOX1O-1
2.0000XIO-1
2.OOOOX1O-1
2.OOOOX1O-I
2.OOJ3OX1O-1
2.OOOOX1O-1
2.OOOOX1O-I
2.ooOOxlo-l
2.0000XIO-I
2.0000XIO”l
2.0000XIO-I
2.OOOOX1O-1
2.OOOOX1O-1
2.OOOOX1O-1
2.OOOOX1O-I
2.0000XIO-1
2.OOOOX1O-1
2J3OOOX1O-I
2.OOOOX1O-1
2.OOOOX1O-I
2.OOOOX1O-I
2.0000XIO-I
2.0000X IO-1
2.OOOOX1O-1
2.OOOOX1O-1
2.OOOOX1O-I
2.OOOOX1O-1
2.0000X IO-I

1.0000
1.0000
1.0000
1.0000
1.0000
1.00041
1.0000
1.0000
1.0000
1.0000
1.000J3
1.0000
1.OoW1
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
I .Oooo
1.OQoo
1.0000
1.0000
1.000J3
1.(MOO
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1Moo
1.0000
1.0000
1.0000
1.0000
1.0000
1.m
1.0000
1.0000
1.0000
1.OooQ
I .Oooo
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.IMoo

3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
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Table B-2 1992 BRAGFLO Computed Variable Values for CULEBRA (Cwrcluded)

Run
k-

53 1,6180XI0-1
54 2.1840x10-1
55 I.793OX1O-I
56 1.6170x10-1
57 1.4880x10-1
58 1.7840x10-1
59 1.409OX1O-I
60 9.7870x 10-2
61 I.1710XIO-I
62 I .7810x10-1
63 1.1510XIO-1
64 1.6240x10-1
65 1.0040xl 0-1
66 2.O62OX1O-1
67 2.3870x10-1
68 1.2380x 10-1
69 1.7800x10-1
70 1.6170x10-1

2.0991 x10-14
2.0991 x10-14
2.0991 x10-14
2.C991X10-14
2.0991 x10”14
2.0991 x10-14
2.0991 x10-]4
2.0991 x10-14
2.0991 x10-14
2.0991 x10-14
2.0991 x10-14
2.0991 x10-14
2.0991 x10-14
2.0991 x10-14
2.0991 x10-14
2.0991 x10-14
2.C991X10-14
2.0991 x10-14

1.2544x 10-9
8.6449x10-10
I. IO75X1O-9
1.2553 x10-9
I.3858x10”9
I. II44X1O-9
1.4775 XI0-9
2.2370x IO”9
1.8286x10-9
1.1167 x10-9
1.8647 x10-9
1.2488x 10-9
2.1744 x10-9
9.3043 XI0-10
7.6971x10-10
1.7161 x10-9
1. I175XI0-9
1.2553 x10-9

7.OOOOX1O-I
7.0000XIO-I
7.OOOOX1O-I
7.0000xlo” I
7.0000XIO-1
7.WOOX1O”1
7.0000XIO-I
7.0000XIO-I
7.cm30xlo-l
7.W3OX1O-I
7,0000X I0-I
7.0000 XIO”l
7.WOOX1O-I
7.0000xlo-l
7.0000XIO-[
7W3OX1O-I
7I3CQOX1O”I
70000xlo-1

2.OOOOX1O”I
2.0000xlo-l
2.0000x lo-l
2.OOOOX1O-1
2.0000XIO-I
2.ocOoxlo-l
2.ocOoxlo-l
2J300J3XI0-I
2.OOOOX1O-I
2.OOOOX1O-1
2.OOOOX1O-1
2.OWoxlo-l
2.OOOOX1O-1
2.OOOOX1O-1
2.0000xlo-l
2.0000XIO-I
2.0000XIO-I
2.ooOoxlo”l

2.ooOoxlo”l
2.0000 XIO-1
2.WOOXIO”I
2.oOooxlo-l
2.oocOxlo-l
2.0000 XIO”l
2.0000 XIO-I
2.0000XIO” I
2.0000XIO-1
2.0000xlo-l
2.0000X IO-1
2.0000 XIO”I
2.004)OXI0-I
2.OOOOXIO”I
2.OOOOX1O-I
2.0000X IO-I
2CWOX1O-1
2.OOOOX1O-1

ECELGBQCI

1.0000
1.OocK)
1.OocM.)
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.OCoo
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
3.0253x 104
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for CULEBRA

Run
m

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

:;
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

F!QIdY

14.
60.
52.
28.
21.
56.
18.
8.

19.
48.
58.
32.
13.
27.
Il.
23.
36.
55.

2.
65.

9.
29.
34.
37.
64.
67.
49.
61.
41.
50.

7.
22.
26.
38.
63.
51.
12.
17.
30.
62.
35.

4.
20.
42.
43.
31.

3.
39.
24.

1.
10.
70.

Permeab hu
. .
1

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
I.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

ress ibilifj

57.
11.
19.
43.
50.
15.
53.
63.
52.
23.
13.
39.
58.
44.
60.
48.
35.
16.
69.

6.
62.
42.
37.
34.

1.
4.

22.
10.
30.
21.
64.
49.
45.
33.

8.
20.
59.
54.
41.

9.
36.
67.
51.
29.
26.
40.
68.
32.
47.
70.
61.

1.

KExP

1.
1.
1,
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1,
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1,
1.
1.
1.
1.
1.
1.
1.

BCBRSAT

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1,
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

BCGSSAT

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1,
I.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

BCFLG

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
I.
1.
1.
1.
1.
1.
1.
1.

BC PCT

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for CfJLEBRA (Concluded)

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

46.
68.
59.
43.
40.
57.
33.

5.
]6.
54.
15.
47.

6.
66.
69.
25.
53.
43.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

25.
3.

12.
26.
31.
14.
38.
66.
55.
17.
56.
24.
65.

5.
2.

46.
18.
26.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Computed Variable Values for CULEBRA I

Run
lb

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

1.1430XIO”1
1.8220x 10-]
1.7260x10-1
1.2840x10-1
I.22OOX1O-I
I .7830x10-1
1.2060xlo-l
1.0450X 10-1
1.2100XI0-I
1.6340x 10-1
1.7880x10-1
I.3740X10” I
1.1150xlo-1
1.2590x10-1
1.0750X 10-1
1.2290x10-1
1.4460x10-1
1.7820x IO”’
7.6020x 10-2
2.0520x 10-I
I.O5OOX1O-1
1.3110XI0-’
1.4220x IO”1
1.45 IOX1O”1
2.0340x 10-)
2.0780x 10-1
1.6470XI0-1
1.8890x 10-1
I.554OX1O”1
1.6620x 10-1
1.0200XIO”I
I .2240x10-1
1.2550x 10-1
I .4580x10-1
2.O21OXIO-1
1.7180x IO”]
1J399OX1O-I
1.1960x 10-i
1.3280x 10-1
1.9160x 10-1
1.43 IOX1O-I
9.5620x10-2
1.2150x 10-]
1.5930XI0-I
1.6170x 10-’
1.3680x 10-1
7.999OX1O-2
1.4620x 10-1
I .2310x10-]
6.4050x 10-2
I.O65OX1O-I
2.4520x 10-1

0.0000
0.0000
0.0000
0.0000
0.OOOO
0.0000
O.cooo
O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.00CKI
O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
00000
0.0000
0.0000
O.moo
O.0000
0.0000
0.0000
0.000a
O.0000
0.0000
0.0000
0.0000
0.OOOO
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.000il
O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
O.coos
O.0000
0.0000
0.OOOO
0.0000
0.000o
0.0000
0.0000
o.oQoa
O.0000
0.0000

::%
O.0000
0.0000
0.0000
0.0000
0.000a
O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
O.cooo
O.0000
0.0000
0.0000
0.0000

BCEXP

7.0000X IO-I
7.000oxlo-l
7.0000XIO”l
7.0000XIO-I
7.0000XIO-I
7.OOOOX1O-I
7.0000XIO-I
7.0000XIO-I
7,0000XI0-1
7.00J30XI0-I
7,0000XI0-I
7.OOOOX1O-I
7.0000XIO”l
7.OOOOX1O-I
7.0000XIO-I
7.OOOOX1O-1
7.0000XIO-1
7.0000XIO-I
7OOOOX1O-1
7.0000XIO-I
7.0000XIO-I
7.0000X IO-1
7.0000X IO-1
7.OOOOX1O-I
7.Ooooxlo-l
7.0000X IO-I
7.0000X IO-I
7.0000X IO-1
7@oooxlo-1
7.0000X IO-1
7.OOOOX1O-1
7.0000XIO-I
7.0000X IO-1
7.OOOOX1O-1
7,OOOOX1O-I
7.0000XIO-I
7.OOOOX1O-1
7,OOOOX1O-I
7.0000XIO-1
7.OOOOX1O-I
7,0000XI0-I
7.0000X IO-1
7.0000X IO-1
70000XIO”1
7.OOOOXIO”I
7.0000XIO”I
7.00C-OXIO”I
7.OOOOX1O-I
7.OOOOX1O-I
7.OOOOXIO”I
7.OOOOX1O-I
7.0000X IO-1

2.OOOOX1O-I
2.OOOOX1O”’
2.OOOOX1O-1
2.OOOOX1O-1
2.0000XIO-I
2.0000xlo-l
2.0000XIO-1
2.OOOOX1O-1
2.OOOOX1O-1
2.0000XIO-I
2.OOOOX1O-I
20000xlo-1
2.ooOoxlo-1
2.OOOOX1O-1
2.OOOOX1O-I
2.ooOoxlo-l
2.OOOOX1O-1
2.oOooxlo-l
20000xlo-1
2.0000XIO-I
2.0000xlo-’
2MOOX1O-I
2.0000XIO-1
2.OOOOX1O-I
2.0000X IO-I
2,0000x lo-1
2.OOOOX1O-I
2WOOX1O-I
2.0000XIO-I
2.mooxlo-l
2.OOOOX1O-I
2.0000XIO-I
2.oOooxlo-l
2.OOOOX1O-I
2.OOOOX1O-1
2.0000xlo-l
2.OOOOX1O-1
2.OOOOX1O-I
2.OOOOX1O-I
20000xlo”l
2.ooOOxlo-l
2.0000XIO”l
20000xlo-1
2.0000XIO-1
2.0000XIO”I
20000x10-1
2.0000X IO”I
2.0000x lo-l
2.OOOOX1O-I
2.0000X IO-1
2.0000X IO-’
2.OOOOX1O-1

2.cOooxlo-l
2.OOOOX1O-I
2.OOOOX1O-1
2.OOOOX1O”1
2.0000XIO”l
2.0000X IO-1
2.oo#oxlo-l
2.0000XIO-1
2.OOOOX1O-I
2.0000X IO-1
2.OOOOX1O-I
2.OO4KSX1O-1
2.0000xlo-l
2.OOOOX1O-1
20000xlo-1
2.OOOOX1O-1
2.0000XIO-1
2.0000XIO-I
2.OOOOX1O-I
2J3OOOX1O-1
2.OOOOX1O-1
20000xlo-1
2.0000X IO-I
2.OOOOX1O-’
2.OOOOX1O-I
2.ooOoxlo-l
20000xlo-~
2.0000xlo-l
20000xlo-1
2.0000XIO”l
2.0000XIO-I
20000xlo”J
2.0000XIO-I
2.0000XIO-1
2.0000XIO”I
2.OOOOX1O-1
24NOOX1O-I
2.ooOoxlo-l
20000xlo-1
2.OoOoxlo-l
2.ooOoxlo-1
2.OOOOX1O-I
2.OOOOX1O-I
2.0000X IO-I
2J3000XI0-I
2.oOooxlo”l
2.0000X IO”I
2.OOOOX1O-1
2.0000XIO-I
2.ooOoxlo-l
2.OOOOX1O-1
2.OOOOX1O-I

1.0000
I .Oooo
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1@ooo
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
I .OooJ1
1.0000
I .Oooo
I .Oooo
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
I .Oooo
1.0000
1.0000
I .Oooo
1.0000
1.0000
1.0000
1.0000
I Woo
1.OQOO
1.0000
1.0000
1.0000
I .Oooo
1.0000
I .Oooo
1.0000
1.CQoo
1.0000
1.Ooi)o
1.0000
1.0000
1.0000

DC Pm

O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.000a
O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.000a
O.0000
0.0000
0.0000
0.000o
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
O.cooo
O.0000
0.0000
0.0000
0.0000
O.OQCKI
O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
O.OQOO
O.0000
0.0000
0.0000
0.0000
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~pandix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Computed Variable Values for CULEBRA 1 (Concluded)

Run
I!JSLPQr@t!L

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

1.618OX1O-I
2.1840x 10-’
1.7930X 10”1
1.6170x10-1
1.4880x10-’
1.7840x10-)
I.409OX1O-I
9.7870x10-2
1.171OXIO-1
1.7810x10-1
1.I5IOX1O-1
1.6240x 10-’
1.0040xlo”’
2.0620XI0-I
2.3870 x10-’
1.2380x10-1
1.7800x10-1
1.6170x10-1

O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.00CQ
O.0000
0.0000

0.0000
0.0000
0.0000
0.000u
O.0000
0.0000
0.0000
0.0000
0.0000
ooooo
0.0000
O.CQOO
O.0000
O.cooo
O.ocoo
O.0000
0.0000
0.0000

N=xp

70000xlo-1
7.0000XIO-’
71KKM3XIO”I
7.ooOoxlo-l
7.0000XIO-I
7,0000X I0-’
7.0000XIO-1
7.0000XIO-I
7.mlo-l
7WOOXI0-I
7.0000xlo-1
7.0000XIO-I
7.0000XIO-’
7.00041XI0-’
7.OOOOX1O-I
7.0000XIO”I
7.0000XIO-I
7.oOooxlo”l

BC13RSAT

2.0000X IO-1
2.0000XIO-I
2.OOOOX1O-I
2.0000XIO-I
2.OOOOX1O”1
2.0000XIO-1
2.OOOOX1O-1
2IX)OOX1O”I
2.0000XIO-1
2.OOOOX1O-I
2.0000XIO-I
2.0000XIO-I
2.OOOOX1O-I
2.0000XIO-I
2.0000XIO-I
2.OOOOX1O-I
2.OOOOX1O”1
20000XI0-I

BCGSSAI

2.0000XIO-1
2.Ooooxlo-l
2.OOOOX1O-I
2.OOO-OX1O-1
2.0000XIO-I
2.0000XIO-I
2.Ooooxlo-l
2.OOOOX1O-1
2.OCH3OX1O-1
2.0000XIO-1
2.OOOOX1O”1
2.OOOOX1O-1
2.OOOOX1O-1
2.0000XIO-I
2.OOOOX1O-I
2.OOOOX1O-I
2.0000XIO-I
2.0000XIO-I

BCFJ G

1.0000
I .Oooo
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
I .Oooo
1.0000
1.0000
I .Cooo
1.0000
1.0000
1.0000
1.0000

BC PCT

O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.000o
0.0000
0.0000
o.oOuo
O.0000
O.cooo
oaooo
O.0000
0.0000
0.0000
0.0000
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for CULEBRA 1

Run
M

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

;?
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

F!Qd.tY

14.
60.
52.
28.
21.
56.
18.
8.

19.
48.
58.
32.
13.
27.
II.
23.
36.
55.

2.
65.

9.
29.
34.
37.
64.
67.
49.
61.
41.
50.

7.
22.
26.
38.
63.
51.
12.
17.
30.
62.
35.

4.
20.
42.
43.
31.

3.
39.
24.

1.
10.
70.

Perm abdlwe BCEXE’

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

::
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1,
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

BCBRS4T

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

EICGSSAT

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

13cFLG

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

13c XT

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for CULEBWI (Concluded)

Run
ML

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

FmQsilY

46.
68.
59.
43.
40.
57.
33.

5.
16.
54.
15.
47.

6.
66.
69.
25.
53.
43.

Permeabddy

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

Gmwres
. . .

s]blllty

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.

BCFLG

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGl10 Computed Variable Values for CULEBR4_SEAL

Run
I@’

;
3
4
5
6
7
8
9
10
II
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

2.OOOOX1O-1
2.0000XIO”l
2.oOooxlo-l
2.Ooooxlo-l
2.OOOOX1O-1
2.0000XIO-1
2.0000X IO-I
2.0000XIO”I
2.OOOOX1O-I
2.OOOOX1O-I
2.OOOOX1O”1
2.OOOOX1O-I
2.Ooooxlo-l
2.0000XIO-1
2.0000XIO”l
2.OOOOX1O-I
2.OOOOX1O-I
2.0000XIO-I
2.OOOOX1O-I
2.0000XIO-1
2.OOOOX1O-I
2.OOOOX1O-I
2.0000XIO-1
2.ooOoxlo-l
2.0000XIO-I
2.Oooox Io-l
2.OOOOX1O-I
2.oOooxlo”l
2.0000XIO-I
2.0000X IO”I
2.OOOOX1O-I
20000xlo-1
2.0000XIO-1
2.0000XIO-I
2.0000X IO-1
2.0000XIO-I
2.OOOOX1O-1
2.0000x lo-l
2.0000XIO-I
2.0000XIO-I
2.0000XIO”l
2.OOOOX1O-I
2.0000X IO-I
2.Ooooxlo-l
2.OOOOX1O”1
2.OOOOX1O-I
2.(K)OOXIO”l
2.OOOOX1O-1
2.OOOOX1O-1
2.0000X IO-I
2.0000X IO-1
2.0000XIO-I

1.0000XIO”18
l. Ooooxlo”lrJ
I.OOOOX1O-I8
1.OOOOX1O-I8
1.OOOOX1O-18
1.0000XIO-18
IJloooxlo-la
I.OOOOX1O-I8
1.0000XIO-18
1.OOOOX1O-’8
1.OOOOX1O-I8
1.OOOOX1O-18
1.0000XIO”18
1.WOOXIO-18
1.0000XIO-18
1.0000XIO-18
1,OOOOX1O”18
I. OOO43X1O”I8
1.0000XIO-18
1.0000XIO-18
I.OOOOX1O-18
1.0000XIO-18
I.OOOOX1O”I8
1.OOOOX1O-I8
1.0000XIO-18
1.0000XIO”18
1.0000XIO-18
1.0000XIO-18
1.OOOOXIO”I8
I.OOOOX1O-I8
1.OOOOX1O-18
1.0000XIO-18
1.0000XIO-18
1.0000XIO-18
I.OOOOX1O”18
1.OOOOX1O-I8
1.OOOOX1O-I8
1.0000XIO-18
1.0000X IO”18
1.OOOOX1O-I8
1.OOOOX1O-I8
1.0000XIO”’8
1.0000XIO”18
1.0000XIO-18
I.OOOOX1O-18
I.OOOOX1O-I8
1.0000XIO-18
1.OOOOX1O-I8
1.OOOOX1O-I8
1.OOOOX1O-I8
1.OOOOX1O-18
1.0000XIO-18

3.3131 XI0-10
3.313 IX1O-10
3,313 IXIO-10
3.3131 X1O-10
3.3131 X1O”’O
3.3131 XI0-1’3
3.3 I3IX1O-10
3.3131 XI0-10
3.313 IXIO-10
3.3 I3IX1O-10
3.3131 X1O-10
3.3131 XI0-10
3.313 IX1O-10
3.3131 XI0-10
3.3131 XI0-1’3
3.3131 XI0-10
3.313 IX1O-10
3.3131 XI0-’O
3.3131 XI0-10
3.3 I31X1O-10
3.3131 XI0-10
3.3131 XI0-’O
3.3 I3IX1O-10
3.3131 XI0-10
3.3131 XIO-10
3.3 I3IXIO-10
3.3131 XI0-10
3.3131 XIO-10
3.3131 X1O-10
3.3131 XI0-’O
3.3131 X1O-I’J
3.313 IX1O-10
3.3 I3IX1O-10
3.313 IX1O-10
3.3131 XI0-10
3.3131 xlo-’o
3.313 IX1O-10
3.3131 XI0-10
3.3131 XI0-10
3.3131 XIO”I0
3.3 I3IX1O-’O
3.3131 X1O-10
3.3131 xlo-lo
3.3 I3IX1O-10
3.313 IX1O-10
3.3131 XIO”I0
3.3131 XI0-’O
3.3131 XI0-’O
3,3131 XI0-’O
3.3131 XI0-10
3.313 IX1O-10
3.3131 XIO”IO

7.OOOOX1O-1
7.OCOOX1O-1
7.OOOOX1O-1
7.OOOOX1O-1
7.0000XIO”l
7.OOOOX1O-1
7.OOOOX1O-’
7.OOOOX1O-1
7OOOOX1O”1
7.OOOOX1O-1
7.OOOOX1O-I
7.OOOOX1O-1
7.0000XIO-1
7.0000XIO”I
7.OO!3OX1O-1
7.OOOOX1O-1
7.0000X IO-I
7.COOOX1O-1
7.OOOOX1O-1
7.0000X IO-I
7.OOOOX1O-I
70000X10”I
7.OOOOX1O-1
7moooxlo-1
7.OO3OX1O-I
7.0000X IO-I
7.OQOOXIO-I
7,0000XIO”1
7.OOOOX1O-1
7.0000X IO-I
7.mlo-l
7.OOOOX1O-I
7.M) OOX1O”I
7.0000X IO-’
7.0000XIO-1
7.OOOOX1O-I
7,0000xlo-1
7.OOOOX1O-I
7.0000XIO-1
7.COOOXIO-1
7.0000XIO”l
7.0000XIO-I
7.(X)OOXIO-I
7.0000XIO”I
7,0000 XI0-I
7.0000XIO-I
7.0000X IO-I
7.OOOOX1O-I
7.OOOOX1O-I
7.OOOOX1O-I
7.00+30XI0-I
7.OOOOX1O-I

2.0000XIO-I
2.OOOOX1O-1
2.OOOOX1O-I
2.OOOOX1O-I
2.OOOOX1O-1
2.OOOOX1O-I
2.ooOoxlo-l
2.0000XIO-I
2.0000XIO-I
2.OOOOX1O-I
2.0000XIO-I
2.OOOOX1O”1
2.oOooxlo”l
2.OOOOX1O-I
2.OOOOX1O-1
2.ooOoxlo-l
2.OOOOX1O-I
2.OOOOX1O-1
20000xlo-1
2.OOOOX1O-1
2.OOOOX1O-I
2WOOX1O-1
213000xlo-1
2.ooOoxlo-l
2.0000XIO-I
2.OOCX)X1O-’
2.ocOoxlo-l
2.0000xlo”l
2.OOOOX1O”1
2.OOOOX1O”1
20000x10-1
2.OOOOX1O-I
2.OOOOX1O-I
2.0000X IO-I
2.OOOOX1O-I
2.0000XIO-I
2.OOOOX1O-I
2.0000XIO-I
2.0000XIO-I
2.OOOOX1O-1
20000xlo-1
2.Ooooxlo”l
2.0000X IO-I
2.OOOOXIO”I
2.OOOOX1O-1
2.OOOOX1O-1
20000xIo-1
2.ooOoxlo-l
20000xlo-1
2.OOOOX1O”1
2.0000XIO-I
2.0000XIO-I

BCGSSAl

O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.000o
0.0000
O.CQOO
O.COOO
O.0000
0.0000
0.0000
0.ooOO
O.ooi)o
O.0000
0.0000
0.0000
0.0000
O.m
O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.000Q
O.0000
O.ouoo
O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
O.CQOO
O.0000
0.0000

::%
O.0000
O.m

BCFfG

1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.OofM
1.0000
1.0000
1.0000
1.0000
1.0000
1LWoO
1.0000
1.OoQo
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.004ml
1.0000
1.0000
1.(n300
1.00i30
1.0000
1.OoCQ
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1J3000
1.0000
1.0000
1J3000
I .Oooo
1.0000
1.0000
1.0000

BC PCT

9.4665x105
9.4665x105
9.4665x 10s
9.4665x 105
9.4665x105
9.4665x105
9.4665x 105
9.4665x 105
9.4665x105
9.4665x105
9.4665x 105
9.4665x105
9.4665x105
9.4665x105
9.4665x105
9.4665x 105
9.4665x 105
9.4665x 105
9.4665x 105
9.4665x 105
9.4665x 105
9.4665x105
9.4665x 105
9.4665x 105
9.4665x 105
9.4665x105
9.4665x 105
9.4665x105
9.4665x105
9.4665x 105
9.4665x 105
9.4665x105
9.4665x 105
9.4665x105
9.4665x 105
9.4665x 105
9.4665x 105
9.4665x105
9.4665x 105
9.4665x 105
9.4665x 10s
9.4665x105
9.4665x 105
9.4665x105
9.4665x 105
9.4665x 105
9.4665x105
9.4665x 105
9.4665x IOS
9.4665x 105
9.4665x 105
9.4665x 105
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Computed Variable Values for CULEBRA.SEAL (Concluded)

Run
ML J3?mw

53 2.0000XIO-I
54 2.0000XIO-1
55 2.OOOOX1O-I
56 2.OOOOX1O-I
57 2.0000XIO-1
58 2.OOOOX1O-1
59 20000xlo”l
60 2.OOOOX1O-1
61 2.cM300xlo-l
62 2.OOOOX1O-I
63 2.000QXIO”l
64 2.0000XIO-I
65 2.0000XIO-1
66 2.oOooxlo”l
67 2.Ooooxlo-l
68 2.OOOOX1O-I
69 2.0000 XIO-I
70 2.OOOOX1O-I

1.0000X IO-18
1.0000X IO-18
1.0000XIO-18
1.0000XIO-18
I.OOOOX1O-I8
1.OOOOX1O-18
1.000+3XI0-18
1,OCOOXIO”I8
I. OOOOX1O-I8
1.0000XIO”18
1.OOJ3OX1O-I8
1.0000XIO-18
1.0000XIO”18
I. OOOOX1O-18
1.0000XIO”18
1.0000XIO-18
1.0000X IO-18
1.0000XIO-18

3.313 IX1O-10
3.3 I31XIO-10
3.3 I31X1O-10
3.313 IX1O-10
3.3131 X1O-10
3.3131 X1O-10
3.3 I31X1O”IO
3.3 I31X1O-10
3.3131 xlo-lo
3.3131 XIO”1’3
3.3131 XI0-10
3.313 IX1O-10
3.313 IXIO”IO
3.313 IXIO-10
3.3131 X1O-10
3.3131 XI0-10
3.3 I31X1O-10
3.3131 XI0-10

7.0300XI0-I
7.MH30XIO”I
7.0000XIO-I
7.cc)ooxlo-1
7.OOCQX1O-I
7.WOO XIO-1
7.WOQX1O-I
7.OCOOX1O-I
7.WOOXIO-1
7.0000XIO-1
7.0000XIO”I
7.OOOOX1O-I
7.0000XIO-1
7.OWX)XIO-I
7.OOOOX1O”1
7.0000XIO-I
7.OCOOXIO-I
7.OOOOX1O”1

BCBRSAI

2OOOOX1O-I
2.0000XIO-I
2.0000XIO-I
2.OOOOX1O-I
2.0000 XIO-I
2.OOOOX1O”1
2.0000XIO-I
2.0000XIO-I
2.0000XIO-1
2.0000XIO-I
2.0000XIO-1
2.OOOOX1O-1
2.0000XIO-I
2.OOOOX1O-1
2.0000XIO”I
2.OOOOX1O”1
2.0MH3XI0-I
2.0000XIO-1

BCGSSAT

O.0000
0.000a
O.0000
0.0000
0.0000
O.ooca
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.000a
O.0000
O.OCKM

BCFLG

1.0000
1.OcQo
1.0000
1.0000
1.Ooou
1.0000
1.fMoo
1.0000
I .Oooo
I .Oooo
1.0000
1.0000
1.0000
1.0000
1.0000
I .Oooo
1.0000
1.0000

BL!?!a

9.4665x10S
9.4665x 105
9.4665x 105
9.4665x105
9.4665x 105
9.4665x 105
9.4665x 105
9.4665x 105
9.4665x105
9.4665x 105
9.4665x 105
9.4665x 105
9.4665x105
9.4665x 105
9.4665x 105
9.4665x105
9.4665x 105
9.4665x 105

B-52



Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for CULEBRA.SEAL

Run
lb

1
2
3
4
5
6
7
8
9
10
II
12
13
14
15
16
17
18
19
20
21
22
23
24
25

;;
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

B21QdY

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

;:
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

IY=XP

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

B~B SKIR

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

BCGSS~

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

BCFJ.G

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for CULEBRA.SEAL (Concluded)

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Computed Variable Values for EXPERIMEN’TAIJLEGION

Run
k

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

;;
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

Ps!rdY

2.4490x10-2
1.1240x 10-2
5.103 OXIO-2
1.6070x 10-2
4.3250x 10-2
5.8630x10-2
6.6520x 10-2
3.6140x10-2
I.9210x IO-2
4.7300XI0-2
6.7690x 10-2
2.5040x 10-2
7.O63OX1O-2
4.0420x10-2
2.1150x10-2
7.2500x 10-2
4,9250x 10-2
1.3450X 10-2
7.4520x 10-2
3.717 OX1O-2
5.5630x 10-2
4.4090X 10-2
6.0100x IO-2
6.9800x10-2
6.1100x10-2
5.6930x 10-2
2.8620x 10-2
4.149OX1O-2
1.4260x 10-2
3.2 140x 10-2
2.6760x10-2
3.9 I9OX1O-2
4.5660x 10-2
3.4580x 10-2
3.8780x 10-2
4.6630x 10-2
1.6500x 10-2
6.7530x 10-2
6.2320x10-2
5.4740XI0-2
6.3580x10-2
7.1460x10-2
4.4580x10-2
7.3870x10-2
2.9730x10-2
1.2610x10-2
6.0510x 10-2
3.3090X 10-2
4.1760x 10-2
3.0510xlo-~
I.818OX1O-2
6.51 10x IO”2

1.OOOOX1O-15
1.OOOOX1O-I5
1.OOOOX1O”’5
1.0000XIO-15
1.00043 XI0-15
1,0000X IO-15
1.0000XIO-’5
1.0000XIO-15
I. OOOOX1O-15
lfxlooxlo-ls
1.0000XIO-15
1.0000XIO-15
1J3000XI0-15
1.0000XIO’15
1.0000XIO-15
1.O(MOXIO-15
I.0000XIO”IS
I.OOOOX1O-I5
1.0000XIO-15
1.0000XIO”15
1.0000XIO-15
1.0000XIO-15
1.0000XIO-15
1.OOOOXIO”I5
I.OOOOX1O-I5
1.OOO-9X1O-15
I,OCOOXIO”I5
1.0000X IO”15

IOOOOX1O-I5

1.OOOOX1O-I5

I.OOOOX1O”15
1.OOOOX1O-15
1.0000XIO-15
IJ3000XI0-15
I.OOOOX1O-I5
I,OOOOXIO-15
1.0000XIO-15
I.OOOOX1O-15
1.0000XIO-15
I.oc’ooxlo-ls
1.OOOOX1O-I5
1.OOOOX1O-15

1.0000XIO-15
1.OOOOXIO”I5
1.OOOOX1O-I5
1.OOOOXIO”I5
I.OOOOX1O-15
I.OOOOX1O-15
IJ3000XI0-15
IJ3000XIO”15
1.0000XIO”15
1,0000XIO-15

4.4974 xlo-9
1.0094X10-8
2.0283 x10.9
6.9848 x10-9
2.4381 x10-9
1.7330X10”9
1.4978x 10-9
2.9670x10-9
5.8022x 109
2.2080x 10-9
1.4676x10-9
4.393 lx 10”9
1.3961x10-9
2.6264x10-9
5.2470x10-9
1.3536x10-9
2.1107x10-9
8.3941x10-9
1.31OIXIO-9
2.8779x10-9
1.8399x10-9
2.3869x 10-9
1.6845x10-9
I,4157XI0-9
1.6528x10-9
1.7922x10-9
3.8123x10-9
2.5522x10-9
7.9031XI0-9
3.3674x 10-9
4.C946X10-9
2.7166x10-9
2.2963x10-9
3.1121x10-9
2.7480x 10-9
2.2433x10-9
6.7962x 10-9
1.4716x10-9
1.6156x10-9
1.8739x10-9
1.5786x10-9
I.377OX1O”9
2.3580x10-9
1.3239x10-9
3.6606x10-9
8.9699x 10-9
1.6714x10-9
3.2635x10-9
2.5341x10-9
3.5606x 10”9
6.1451x10-9
1.5356x10-9

7.OOOOX1O-I
7.ooOOxlo-l
7.OOOOX1O-I
7OOOOX1O-I
7.OO4X)X1O-1
7.OOOOX1O-I
7.OOOOX1O-1
7.OOOOX1O-I
7.OOOOX1O”I
7.OOOOXIO”I
7.0000X IO-1
7.0000XIO”I
7.0000X IO-I
7COOOX1O-I
7.OOOOXIO”I
7.OOOOXIO”I
7JMOOXI0-1
7,0000XI0-I
7.0000X IO”I
7.OOOJ3X1O-I
7.mlo-l
711000x10-1
7.WOOX1O-I
7.m]o-l
7.0000X IO-I
7.0000X 10-I
7.OOOOX1O-1
7.0000XIO”I
7.OOOOXIO”I
7.0000x lo-l
7.OOOOX1O-I
7.0000X IO”l
7.OOOOX1O-I
7.OOOOX1O”1
7.OOOOX1O-I
7.cx300xlo-l
7.0000X 10-1
7.0000X IO-1
7.OOOOX1O-I
7.OOOOX1O-I
7.OOOOX1O-I
7JMO-OX1O-I
7.OOOOX1O-I
7.0000X IO”I
7.C4WOXI0-I
7,0000X I0-I
7.COOOXIO”I
7.OOOOX1O-I
7.0000X IO-I
7.OOOQX1O-I
7.004MXIO”I
7.OOOOXIO.I

2.OOO4)X1O-I
2.OOOOX1O-I
2.OOOOX1O-1
2.OOOOXIO”I
2.0000X IO-I
2.OOOOX1O-1
2.0000XIO-1
2.OOOOX1O”1
2.OOOOX1O-I
2.0000X 10-1
2.OOOOX1O-1
2.OOOOX1O-1
2.OOOOX1O-1
2.OOOOX1O-1
2.COOOX1O-1
2.OOOOX1O-1
2.0000XIO-1
2.OOOOX1O-1
2.0000XIO-1
2.OOOOX1O-1
2.0000XIO-I
2.00-OOXIO-I
2.OOOOX1O”1
2.OOOOX1O-I
2.OOOOX1O-1
2.OOOOX1O-I
2.0000XIO-1
2.0000XIO-1
2.croo4)xlo-l
2.OOOOX1O-1
2,OOOOX1O-I
2.0000XIO-1
2.OOO43X1O-1
2.OOOOX1O-1
2J3OOOX1O”1
2.OOOOX1O-I
2.OOOOX1O-1
2.OOOOX1O-1
2.0000XIO”l
2.OOOOX1O-1
2.OOOOX1O-I
2,OOOOX1O-I
2.0000XIO-I
2,00CM)XI0-I
2.OOOOX1O-I
2,OOOOX1O-I
2.OOOOX1O-I
2.0000XIO”l
2JMOOXIO”I
2.OOOOX1O-I
2.ooOOxlo-1
2.OOOOX1O-I

BCGSSJSC

O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.00C0
O.0000
oooQo
O.0000
O.ooCo
O.0000
0.0000
0.0000
0.00CQ
o.ooOO
0.0000
0.0000
O.ocxxl
O.0000
0.0000
0.0000
O.ocm
O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
ooooO
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
o.ootHl
O.0000

BC~ G

1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
aooo
.Oooo
oooo
.Oooo
J3000
.Oooo
aooo
.Oooo

BCPCT

8.6734x104
8.6734x104
8.6734x104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x104
8.6734x 104
8.6734x104
8.6734x104
8.6734x104
8.6734x104
8.6734x 104
8.6734x 104

1.0000
1.0000
1.0000
1.0000
1.0000
1.Oo@l
1.0000
1.0000
1.0000
1.Oi)oo
1.0000
1.0000
1woo
1.0000
1.0000
1.Oooil
1.0000
1.0000
1.0000
1.OooQ
1.0000
1.OoCQ
1.0000
1.OoCo
1.0000
1.0000
1.0000
1@ooo
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.Oo&o
1.0000
1.0000
1.0000

8.6734x 104
8.6734x104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x104
8.6734x 104
8.6734x104
8.6734x104
8.6734x 104
8.6734x 104
8.6734x104
8.6734x104
8.6734x104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x104
8.6734x104
8.6734x 104
8.6734x104
8.6734x104
8.6734x 104
8.6734x 104
8.6734x104
8.6734x 104
8.6734x104
8.6734x104
8.6734x 104
8.6734x104
8.6734x104
8.6734x104
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Computed Variable Values for EXPERIMENTAL.REGION (Concluded)

Run
w

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

2.0520x10-2
6.4400x10-2
2.6330x10-2
3.547OX1O”2
I .9820x10-2
2.3880x10-2
5.799OX1O-2
6.91 50x10-2
1.54OOX1O’2
2.7890x10-2
5.2340x 10-2
5.35 OOX1O-2
1.0820x 10-2
5.O4IOX1O-2
3.3230x10-2
2.2660x10-2
4.8950x10-2
5.3660x 10-2

1.0000XIO-’5
1.0000XIO-15
1.OOOOX1O-I5
1.0000XIO-’5
1.0000XIO-15
1.0000X IO-15
1.0000XIO”15
1.OOOOX1O-’5
1.ooOOxlo-’5
1.0000XIO-15
1.0000XIO-15
1.OOOOX1O-I5
1.0000XIO-15
1.OOOOX1O-’5
1.0000X IO-15
1.0000X IO-’5
1.0000XIO-’5
1.0000X IO-15

5.4158 x10-9
1.5553 X1O-9
4.1656 x10-9
3.0278 x10-9
5.6159 x10-9
4.6186x10-9
1.7549x I0-9
1.4313 XI0-9
7.2995 x10-9
3.9186x10-9
1.9713 X1O-9
1.923 1X10-9

1.0495X10-8
2.0563x10-9
3.2487x10-9
4.8807x 10-9
2.1251x10-9
1.9166x 10-9

7,0000xlo-t
7.0000XIO-I
7.Ooooxlo”l
7.00CQXIO-I
7.0000XIO-I
7.0000X IO-1
7MOOX1O”[
7.0000XIO”I
7.OOOOXIO”I
7.OOOOX1O-I
7.000J3XI0-1
7.OOOOX1O-I
7.0000XIO-I
7.OOOOX1O-1
7.OOOOX1O-I
7.0000XIO-I
7.0000XIO-I
7.0000 XIO-1

2.0000XIO-I
2.OOOOX1O-1
2.0000XIO-I
2.OOOOX1O-I
2.0000XIO-1
20000XI0-’
2.00041xlo-l
2.OOOOX1O-I
2.OOOOX1O-1
2D3OOX1O”I
2.OOOOX1O-1
2.0000XIO-I
2.0000XIO-’
2.OOOOX1O-1
2.0000XIO-I
2.0000X IO-’
2.OOOOX1O-1
2,CQOOXI0-I

BCGsSAI

O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.00Q0
O.0000
0.0000
0.OOOO
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

BCFLG

I .cooo
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.OoQo
1.0000
1.0000
1.0000
1.0000

E!zcT

8.6734x 104
8.6734x104
8.6734x104
8.6734x104
8.6734x 104
8.6734x104
8.6734x104
8.6734x 104
8.6734x 104
8.6734x104
8.6734x104
8.6734x 104
8.6734x104
8.6734x104
8.6734x 104
8.6734x 104
8.6734x104
8.6734x 104
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for EXPERIMENTAL.REGION

Run
&

1
2
3
4
5
6
7
8
9
10
II
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

F!QQsiQ

16.
2.

45.
7.

36.
53.
61.
29.
10.
41.
63.
17.
66.
33.
13.
68.
43.
4.

70.
30.
50.
37.
54.
65.
56.
51.
21.
34.
5.

24.
19.
32.
39.
27.
31.
40.

8.
62.
57.
49.
58.
67.
38.
69.
22.

3.
55.
25.
35.
23.
9.

60.

Pwnw W
. .

a

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

I.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1,

1.

1.

1.

55.
69.
26.
64.
35.
18.
10.
42.
61.
30.
8.

54.
5.

38.
58.
3.

28.
67.

1.
41.
21.
34.
I 7.
6.

15.
20.
50.
37.
66.
47.
52.
39.
32.
44.
40.
31.
63.
9.

14.
22.
13.
4.

33.
2.

49.
68.
16.
46.
36.
48.
62.
Il.

.KExI!

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1,
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

BCBRSAT

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1,
I.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

BCGsSAT

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1,
I.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1,
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
I.

BCFLG

1.
1.
I.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

;:
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

BCPCT

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
I.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
I.
1.
1.
1.
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for EXPERIMENTAL.REGION (Concluded)

53 12. 1. 59. 1. 1. 1. 1. 1.
54 59. 1. 12. 1. 1. 1. 1. 1.
55 18. 1. 53. 1. 1. 1. 1. 1.
56 28. 1, 43. 1. 1. 1. 1. 1.
57 Il. 1. 60. 1. 1. 1. 1. 1.
58 15. 1. 56. 1. 1. 1. 1. 1.
59 52. 1. 19. 1. 1. 1. 1. 1.
60 64. 1. 7. 1. 1. 1. 1. 1.
61 6. 1. 65. 1. 1. 1. 1. 1.
62 20. 1. 51. 1. 1. 1. 1. 1.
63 46. 1. 25. 1. 1. 1. 1. 1.
64 47. 1. 24. 1. 1. 1. 1. 1.
65 1. 1. 70. 1. 1. 1. 1. 1,
66 44. 1. 27. 1. 1. 1. 1. 1.
67 26. 1. 45. 1. 1. 1. 1. 1.
68 14. 1. 57. 1. 1. 1. 1. 1.
69 42. 1. 29. 1. 1. 1. 1. 1.
70 48. 1. 23. 1. 1. 1. 1. 1.
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Computed Variable Values for FfNAL_SALADO_DRZ

Run
l!JsLP!2rQ&

1 2.9338x10-2
2 3.2244x 10-2
3 5.1073XIO”2
4 5.9880x10-2
5 2.3095x10-2
6 5.8159x 10-2
7 3.5160x10-2
8 3.5393XI0-2
9 4. 1674x10-2
10 2.4250x10-2
11 3.8769x 10-2
12 3.7282x10-2
13 1.9799XI0-2
14 3.7667x10-2
15 5.1892x10-2
16 4.6976x10-2
17 5.4383x10-2
18 2.6960x 10-2
19 4.8939x 10-2
20 4.8916x10-2
21 3.1377XI0-2
22 5.0492x10-2
23 5.4561x10-2
24 2.3356x10-2
25 5.5692x10-2
26 5.1986x10-2
27 3.1097x10-2
28 I .4826x10-2
29 I .8131x10-2
30 5.5555XI0-2
31 3.3857x10-2
32 5.7726x10-2
33 5,904OX1O-2
34 3.8766x10-2
35 4.7477XI0-2
36 4.7765x10-2
37 3.4118x10-2
38 3.9355x10-2
39 4,3649X1O-2
40 2.6845x10-2
41 2.4393x10-2
42 3.7631x10-2
43 2.8231X10-2
44 I .7825x10-2
45 2.3493x10-2
46 5.6711x10-2
47 1.4114XI0-2
48 5.7247x10-2
49 5.6909x10-2
50 4.5726x10-2
51 2.3898x10-2
52 4.5974x10-2

1.Ooooxlo-15
1.0000XIO-15
1.OOOOX1O”I5
1.OOOOX1O”15
1.0000XIO-15
1.OOOOX1O-I5
1.0000XIO-]5
1.OOOOX1O-15
1.OOOOX1O-I5
lmoooxlo-ls
1.OOOOX1O-15
1.OOOOX1O-15
1.OOOOX1O-15
1.OOOOX1O-I5
1.OOOOX1O”I5
I.OOOOX1O-15
1.(K)OOXIO-15
1.0000XIO-15
1.0000XIO-15
1.0000XIO”15
1.OOOOX1O-I5
1.OOOOX1O-I5
1.0000XIO-’5
1.OOOOX1O-I5
1.0000XIO-15
I.OOOOX1O-I5
I.OOOOX1O-I5
1.0000XIO-15
1.0000XIO-15
I.OOOOX1O-I5
1.0000XIO-15
1.00-90XIO”15
1,OOOOX1O-15
1.0000XIO-IS
1.COOOX1O-15
I. OOOOX1O-I5
1.OOOOX1O”I5
I.OOOOX1O-15
1.OOOOX1O-15
1.OOOOX1O-15
1.004DXI0-15
1.0000XIO”15
1.0000XIO-15
IIMOOXIO-15
1.0000XIO-15
1.0000XIO-15
1.0000XIO”15
I.OOOOX1O-15
1.0000XIO-15
1.OWOXIO-15
1.0000XIO”15
1.0000XIO”15

3.7128x10-9
3.3557XI0-9
2.0264X10-9
1.6916x10-9
4.7841x10-9
1.7490X10-9
3.0567x10-9
3.0349X10-9
2.5398x10-9
4.5442x 10-9
2.7488x10-9
2.8685x 10“9
5.6222x10-9
2.8366x 10-9
1.9905X10-9
2.2249x10-9
1.8878x10-9
4.0623x10-9
2. 1257x10-9
2.1268x10-9
3.4554x I 0-9
2.0526x 10-9
1.8808X1O-9
4.7279x10-9
1.8376x10-9
1.9864x10-9
3.4888x10-9
7.5917XI0-9
6.1623x10-9
1.8427x10-9
3.1839x10-9
1.7640XI0-9
i .7192x 10-9
2.7491x10-9
2.1988x10-9
2.1840x10”9
3.1576x10-9
2.7042x10-9
2.4136x10-9
4.0808x 10-9
4.5163x10-9
2.8395x10-9
3.8682x10-9
6.2725x10-9
4.6989x 10-9
I .8001x10-9
7.9872x10-9
1.7809x10-9
1.7930XI0-9
2.2926x 10-9
4,6150x 10-9
2.2789x10-9

KEX.I?ECBRSAI

9.6790 8.7890x10-2
4.9660x10-1 1.4570x10-]
6.7900x10-1 1.8490x10-1
5.1820 1.7260x10-1
4.0710x10-1 1.9880x10-1
6.1420 3.317OX1O-I
1.0990 3.5430XI0-2
6.4480 3.8660x10-1
4.2610x IO-1 3.4080x10-1
1.5170 7.9OOOX1O-2
5.1250x10-l 2.7170x10-1
7.4960 1.41OOX1O”1
2.2490 3.6500x10-]
3.0620x10-1 8.3660x10-3
4.4620x10-1 2.3100x10-1
5.3590x10-1 3.7890x10-1
5.9190 1.113OX1O-1
5.8730x 10-1 2.9470x10-1
2.0050 1.I64OX1O-I
6.7090x 10-1 1.2940xIO”1
2.2590x10-1 1.9770x10-2
1.4340 2.1830x 10-1
7.0990 2.3880x10-1
4.3270x10-1 6.1270x 10-2
2.7610 3.0510xlo-l
5.2660 2.4700x 10-1
8.3330 2.1280x10-]
7.9460 3.4740X10-I
6.0410x IO”] 3.3040x10-1
2.0040X10-1 1.4050X10-2
3.3160x10-1 2.1130x10-1
8.8800 3.1430XI0-I
5.2200x 10-] 1.0530x10-1
8.6520 2.5150x10-1
3.9470x10-1 2.9070x10-1
2.7500x10-1 3.7090x 10-1
6.9780 2.2650x 10-1
2.9640 1.7810x10-1
2.6060x10-1 1.6330x10-1
2.4160x 10-1 2.4340x 10-1
5.749OX1O-I 1.3340XI0-’
5.4840x 10-1 3.9640x 10-1
4.0000 3.9070x lo-~
3.6050x10-1 2.5980x10-1
3.2390x10”1 1.5830x10-’
4.6060x10-1 6.5170x 10-2
3.4760 3.1780x10-1
7.7080 4.551OX1O-2
3.7530XI0-I 5.011OX1O-2
3.5390x 10-] 1.8990x10-1
5.6000x10-1 2.3180x10-2
3.2370 1.5040XI0-I

BCGSS.41

2.3300x10-]
1.2590x 10-]
2.1660x10-1
1.890J3X10-1
1.459OX1O-I
4.793 OX1O-2
1.6220x 10-1
2.8520x10-2
1.8690x 10-1
3.4810x10-1
2.0030x10-1
2.8620x10-1
2.9370x10-]
1.7360x10-1
3.8350x10-1
2.1720x10-1
3.8060x10-1
8.6120x10-3
1.6670x 10-1
3.21 10xIO-l
2.2330x10-]
1.8710xIO-2
4.5230x 10-2
2.6430x10-1
9.9900XI0-2
6.8060X10-2
7.5730X10-2
1.5270x10-1
3.5780x10-1
1.5530XI0-I
2.4050x 10-1
3.7550XI0-1
3.4 I9OX1O-I
3.6280x10-]
1.3390XI0-1
3.6960x10-1
3.0790X10-2
3.9620x 10-1
3.7240x 10-2
I.11OOX1O”I
1.O65OX1O-I
3.3500XI0-I
1.2040XI0-1
5,7350XIO”2
9.419OX1O-2
2.3880x 10-1
2.6060x10-1
2.0750x 10-]
6.9900x 10-2
1.9850x10-]
I .1810x10-2
3.8860x10-1

1.0000
1.Oi)oo
1.0000
1.0000
10000
1.0000
1.0000
1.0000
1.0000
1.0000
1.Ooi)o
1.0000
I .Oooo
1.0000
1.0000
1.0000
1.0000
1.0000
1.00c0
1.0000
1.0000
1.0000
1MOO
1.m
1WOO
1.0000
1.OocH1
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.m
1.0000
1.0000
1.0000
1.0000
1.0000
1.Ooou
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

8.6734x 104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x104
8.6734x104
8.6734x 104
8.6734x104
8.6734x104
8.6734x 104
8.6734x104
8.6734x 104
8.6734x 104
8.6734x104
8.6734x 104
8.6734x 104
8.6734x104
8.6734x104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x104
8.6734x 104
8.6734x104
8.6734x104
8.6734x 104
8.6734x104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x 104
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Computed Variable Values for FINAL_SALADO_DRZ (Concluded)

Run
&PQK&ilY

.
~ 1 EClz&~ ~BCEI&m

53
54
55
56
57
58
59
60
6]
62
63
64
65
66
67
68
69
70

3.0815 x10-2
3.O693X1O-2
4.0163 x10-2
5.2274x10-2
7.0516x10-3
2.5041 x10-2
2.8428 x10-2
3.9407 X1O-2
1.6302x 10-2
2.9951 x10-2
4.1 IO9X1O-2
3.0137 XI0-2
3.8978 x10-2
3.7103 X1O-3
2.0750x10-2
3.6434X1O”2
2.3166 x10-2
3.6159x10-3

1.OOOOX1O-15
1.0000XIO-15
1.0000XIO-’5
1.0000XIO-15
1.OOOOX1O-15
1.00WXIO-’5
1.OWOXIO-’5
I.OOOOX1O-’5
1.0000XIO-15
1.OWOX1O-I5
1000OXIO”15
1.OOOOX1O-15
1.OOOOX1O-I5
1.OOOOX1O-I5
IJ300J3XI0-15
1.0000 XIO-15
1.0000XIO-’5
1.0000X IO”15

3.5230x10-9
3.5379 XIO”9
2.6448 x10-9
1.9741 XlO-g
1.6238 x10-8
4.3928x 10-9
3.8398 x10-9
2.7003 x10-9
6.8816 XI0-9
3.6318 x10-9
2.5782 x10-9
3.6079 XI0-9
2.7328 x10-9
3. 1085x 10-E
5.353 IX1O-9
2.941 lxlo-9
4.7686x 10-9
3.1903 XI0-8

6.7410
4.7200x10-1
6.5030x10-1
4.8480
9.2110
6.4060x10-1
8.9580
9.8620
8.0490x IO”1
2.8630x10-1
3.7540
2.4950
2.5410x10-1
6.9150x10-1
5.5890
4.5200
4.3270
6.2770x 10-1

2.8470x10-1
1.6590x10-1
3.2450x10-1
9.2770x10-2
5.1160x10-3
3.4880x10-1
8.5120x10-2
7.0380x10-2
2.7910x10-1
3.5990XI0-I
2.00 I0XIO-1
2.9320x10-2
2.641 OXIO-I
1.2380x10-1
5.6350x10-2
3.0240x 10-1
3.7 I5OX1O-I
1.0130XI0-1

I .8060x10-1
2.7290x10-1
3.0330XI0-1
5.2210x10-2
2.7770x10-1
3.2980x10-1
3.1270x10-1
8.1940x10”2
1.3890x10-1
2.5120 x10-1
2.8360x10-1
8.7020x10-2
3.5100XI0-1
3.1630x10-1
2.5370x10-1
2.9970x10-1
4.8390x 10-3
I .1920x10-1

1.Cooo
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
I .Oooo
1.0000
1.CQoo
1.0000

8.6734x 104
8.6734x 104
8.6734x 104
8.6734x104
8.6734x104
8.6734x104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x104
8.6734x 104
8.6734x 104
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for FINAL_SALADO_DRZ

k

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

_

23.
30.
56.
70.
II.
68.
33.
34.
46,
16.
40.
36.

9.
38.
57.
50.
60.
20.
54.
53.
29.
55.
61.
13.
63.
58.
28.

5.
8.

62.
31.
67.
69.
39.
51.
52.
32.
42.
47.
19.

;;:
21.

7.
14.
64.

4.
66.
65.
48.
I5.
49.

&TJ&dlQ

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
I.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

48.
41.
15.

1.
60.

3.
38.
37.
25.
55.
31.
35.
62.
33.
14.
21.
11.
51.
17.
18.
42.
16.
10.
58.

8.
13.
43.
66.
63.

9.
40,

4.
2.

32.
20.
19.
39.
29.
24.
52.
54.
34.
50.
64.
57.

7.
67.

5.
6.

23.
56.
22.

BCEXP

69.
21.
34.
52.
15.
56.
37.
57.
16.
39.
22.
61.
41.

8.
18.
24.
55.
28.
40.
33.

2.
38.
60.
17.
43.
53.
64.
63.
29,

1.
10.
66.
23.
65.
14.
6.

59.
44,

5.
3.

27.
25.
48.
12.
9.

19.
46.
62.
13.
11.
26.
45,

JKBNAI

16.
26.
33.
31.
35.
59.

7.
68.
60.
14.
48.
25.
64.

2.
41.
67.
20.
52.
21.
23.
4.

39.
42.
Il.
54.
44.
38.
61.
58.

3;:
55.
19.
45.
51.
65.
40.
32.
29.
43.
24.
70.
69.
46,
28.
12.
56.

8.
9.

34.
5.

27.

BCGSSAT

41.
23.
38.
34.
26.

9.
29.

5.
33.
61.
36.
51.
52.
31.
68.
39.
67.

2.
30.
57.
40.

4.
8.

47.
18.
12.
14.
27.
63.
28.
43.
66.
60.
64.
24.
65.

6.
70.

7.
20.
19.
59.
22.
11.
17.
42.
46.
37.
13.
35.

3.
69.

BCH-G

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
I.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

EH’c_f

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for FfNAL_SALADO_DRZ (Concluded)

Run
M

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

porosity

27.
26.
44.
59.

3.
18.
22.
43.

6.
24.
45.
25.
41.

2.
10,
35.
12.

1.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

-ress b~
. . .
I

44.
45.
27.
12.
68.
53.
49.
28.
65.
47.
26.
46.
30.
69,
61.
36.
59.
70.

58.
20.
32.
51.
68.
31.
67.
70.
36.
7.

47.
42.

4.
35.
54.
50.
49.
30.

13CBRSAT BCGSSA T

50. 32.
30. 48.
57. 54.
17. 10.

1. 49.
62. 58.
15. 55.
13. 15.
49. 25.
63. 44.
36. 50.

6. 16.
47. 62.
22. 56.
10. 45.
53. 53.
66. 1.
18. 21.

BCFLG

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Computed Variable Values for INITIAL_SALADO_DRZ

Run
I!h

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

rmQsitY

2.8660x10-2
6.9900x10-3
2.8970x 10-2
5.6130x10-3
2.0560x 10-2
1,3750X 10-2
2.5930x10-2
3.1850x10-3
2.7270x10-2
9.6770x 10-3
2.5730x10-3
9.8270x10-3
I.661OXIO”2
1.9600x 10-2
1.1590XI0-3
5.8700x10-3
2.3950x 10-2
6.1370x10-3
6.2550x 10-3
1.7070X 10-2
2.350-9 x10-2
2.6030x 10-2
2.9920x10-2
1.4710XIO”2
2.4720x 10-2
1.8820x10-2
2.2740x10-3
2.8830x10-3
1.2680x 10-2
8.7910x I0-3
1.7650x 10-2
2.0930x10-2
6.6640x10-3
9. IO3OX1O-3
2.4230x10-3
2.7120x10-2
5.0960x10-3
1.8940x 10-3
1.0090X 10-2
2.2760x 10-2
1.8020x 10-2
2.1990x10-2
5.1790XIO”3
3.901 OXIO”3
9.3870x10-3
2.8280x10-2
6.5700x 10-3
2.2390x 10-2
1.6820x 10-3
1.2890x 10-2
7.8440x10-3
4,7 I3OX1O”3

1.ooOOxlo-17
1.0000XIO-17
100ooxlo-17
1.0000XIO-17
1.0000XIO-17
1.0000XIO-17
1.ooOoxio-17
1.ooOOxlo-17
1.OOOOX1O-I7
1.OOOOX1O-I7
1.0000XIO-17
1.0000x lo-17
l.ooOOx lo-17
1.0000XIO-17
1.0000x lo”17
l.cooox lo-17
1.OOOOX1O-17
1.0000XIO-17
I.OOOOX1O-17
1.0000XIO-17
1.ooOoxlo-17
1.0000XIO-17
1.oc’ooxlo”17
1.ooOOxlo-17
1.OOO4)X1O-17
1.0000XIO-17
1.0000XIO”17
I.OOCM3X1O-’7
1.0000XIO-I’
1.oCOoxlo-17
1.0000XIO-17
1.0000XIO-17
1.oOooxlo-17
1.0000XIO”17
1.OO+3OX1O-I’
1.ooOoxlo-17
I.OOOOXIO-I’
1.0000XIO-17
1.0000x lo-’7
I,0000XIO-’7
1.OOOOX1O-17
1.0000XIO-17
1.0000XIO”17
l.ooc-ox lo-17
1.0000XIO-17
I.OOOOX1O”17
1.0000XIO-17
1.oo00xlo”17
1.0000XIO-17
1.0000XIO-17
10000xlo”17
1.0000XIO-17

3.8066x 10-9
1.6383 x10-8
3.7632x10-9
2.LM63X10-8
5.4048 x10-9
8.2055 x10-9
4.2337 x10-9
3.6253 x10-8
4.0134XI0-9
1.1764 xlo-~
4.4936x 10-8
1.1581x10-8
6.7496x10”9
5.68 18x10-9
1.0006XI0-7
I .9556x10-8
4.6W4XIO”9
1.8695x 10-8
I .8337x10-8
6.5609x10-9
4.6974x 10-9
4.2 165x 10-9
3.6358 x10-9
7.6537x 10-9
4.4532 x10-9
5.9276x 10-9
5.0877 x10-8
4. OO77X1O-8
8.9190x10-9
1.2975x10-8
6.3371 x10-9
5.3048 x10-9
I .7196x10-8
I .2522x10-8
4.7733 XI0-8
4,0370X I0-9
2.2564x10”8
6. I 135x10-8
1.1273 x10-E
4.8582 x10-9
6.2019 x10-9
5.O37IX1O-9
2.2199x 10-E
2.9553 x10-8
1.2135 x10-8
3.861 Ixlo-g
1.7446x 10-8
4.9426x 10-9
6.8872 x10-8
8.7696x 10-9
1.4572x 10-8
2.4418 x10-8

9.6790
4.9660x10-1
6.7900x 10-1
5.1820
4.O7IOX1O”1
6.1420
1.0990
6.4480
4.2610x IO-1
1.5170
5.1250x10-]
7.4960
2.2490
3.0620x 10-1
4.4620x 10-1
5.3590XI0-1
5.9190
5.8730x 10-1
2.0050
6.7WOX10-1
2.2590x10-1
1.4340
7.0990
4.3270x 10-1
2.7610
5.2660
8.3330
7.9460
6.0410x10-1
2.0040X 1o“I
3.3160x10-1
8.8800
5.2200x10-1
8.6520
3.9470XI0-I
2.7500x 10-1
6.9780
2.9640
2.606OX1O-I
2.4160x10-1
5.7490X Io- I
5.4840x 10-1
4.0000
3.6050XI0-I
3.2390x 10-]
4.6060X I0-1
3.4760
7.7080
3.7530XIO”I
3,5390X10”I
5.6000XI0-1
3.2370

EKBRSAIECGSSAI

8.7890x10-2 2.3300x10-1
1.4570x10-] 1.2590x10-]
1.8490x10-] 2.1660x10-1
1.7260x10-1 1.8900x10-1
1.9880x 10-1 1.4590x 10-1
3.317OX1O”I 4.7930XI0-2
3.5430x 10-2 1.6220x 10-1
3.8660x10-1 2.8520x10-2
3.4080x 10-1 1.8690x 10-1
7.9000x10-2 3.4810x10-]
2.7170x10-1 2.0030x10-1
1.4100x10-1 2.8620x10-1
3.6500x 10-1 2.9370x 10-1
8.3660x10-3 1.7360x10-1
2.3100x10-1 3.8350x10-]
3.7890x10-1 2.1720x10-1
I. I 130x10-1 3.8060x10”1
2.9470x10-1 8.6120x10-3
1.1640x10-1 1.6670x10-1
1.2940x IO”1 3.2110x IO-1
1.9770x 10-2 2.2330x 10-1
2.1830x10-1 I.8710x IO-2
2.3880x10-] 4.5230x10-2
6.1270x10-2 2.6430x10-1
3.0510XI0-1 9.9900XI0-2
2,4700x 10-1 6.8060x 10-2
2.1280x10-] 7.5730x10-2
3.4740x10-1 1.5270x10-’
3.3040x10-1 3.5780x10-1
1.405OX1O”2 I.553OX1O”1
2.1130x10-1 2.4050x10-1
3.1430XIO”1 3.7550XI0-1
I.O53OX1O-I 3.4190X I0-’
2.5150x10-1 3.6280x10-1
2.9070x10-1 I .3390x10-1
3.7090x10-1 3.6960x10-]
2.2650x10-] 3.0790x10-2
1.7810x IO-1 3.9620x 10-1
1.6330x10-1 3.7240x10-2
2.4340x 10-’ 1.1looxlo-’
1.3340XI0-I 1.0650xlo-l
3.9640x10-1 3.3500x10-1
3.9070X IO”I 1.2040XI0-’
2.5980x10-1 5.7350x 10-2
1.5830x 10-] 9.4190x 10-2
6.5170x 10-2 2.3880x 10-’
3.1780x10-1 2.6060x10-1
4.5510x 10-2 2.0750x 10-’
5.01 10x IO”2 6.9900x10-2
1.8990x10-] 1.9850x10-1
2.3180x10-2 I .1810x10-2
1.5040x10-1 3.8860x10-1

1.0000
1.0000
1.0000
1.0000
1.0000
1.00m
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
I .Oooa
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.OoQo
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
I .Oooo
1.0000
1.0000
1.0000
I .Oooo
10000
1.0000

BCPCT

4.2676x 105
4.2676x 105
4.2676x105
4.2676x 105
4.2676x105
4.2676x 105
4.2676x105
4.2676x 105
4.2676x 105
4.2676x IOS
4.2676x105
4.2676x 105
4.2676x 105
4.2676x 105
4.2676x 105
4.2676x 105
4.2676x 105
4.2676x105
4.2676x105
4.2676x105
4.2676x105
4.2676x 105
4.2676x 105
4.2676x105
4.2676x 105
4.2676x105
4.2676x IOS
4.2676x105
4.2676x 105
4.2676x 105
4.2676x105
4.2676x 105
4.2676x105
4.2676x105
4.2676x 105
4.2676x105
4.2676x 105
4.2676x105
4.2676x105
4.2676x 105
4.2676x 105
4.2676x105
4.2676x 105
4.2676x 105
4.2676x 105
4.2676x 105
4.2676x 105
4.2676x105
4.2676x105
4.2676x IOS
4.2676x105
4.2676x 105
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Computed Variable Values for INITIAL_SALADO_DRZ (Concluded)

53 1.59OOX1O-2
54 1.4500X 10-2
55 2.0030x10-2
56 1.1650x10-2
57 4.5630x10-3
58 8.7110x IO-3
59 2.5160x10-2
60 8.2600x10-3
61 7.3840x10-3
62 1.2250x 10-2
63 4. I090x 10-3
64 3.7390XI0-3
65 7.4700x 10-3
66 3.533 OX1O-3
67 8.1910x IO”3
68 1.0760x 10-2
69 1.5190x10-2
70 1.4890x 10“3

I.OOOOX1O-17
1.0000XIO-17
1.000oxlo-17
1.0000XIO-17
1.OOOOX1O-17
1.OOOOX1O-17
1.0000XIO-17
1.0000XIO”17
1.0000XIO-17
1.OOOJ3X1O-I7
1.ooOOxlo-17
1.0000X IO-17
I.OOOOX1O-I7
1.0000XIO-17
1.OOOOX1O-I7
1.0000XIO-17
1.000J3XI0-17
1.OOOOX1O-I7

ress ibility

7.0621 xIO”9
7.7681 x10-9
5.5544 XI0-9
9.7296x10-9
2.5229x10-8
1.3097X 10-8
4.3709 XI0-9
1.3825 x10-8
1.5495x 10-8
9.2408 x10-9
2.8045 x10-8
3.0845 x10-8
1.5314 XI0-8
3.2658 x10-8
1.3944 X1O-8
1.0555 xlo-r3
7.4039 XIO”9
7.7831 x10-8

6.7410
4,720L)x10-1
6.5030x 10-]
4.8480
9.2110
6.4060x10-1
8.9580
9.8620
8.0490x10-1
2.8630x 10-]
3.7540
2.4950
2.5410x10-1
6.9150x10- I
5.5890
4.5204)
4.3270
6.2770 x10-1

EKERSAIBUSSATXELG

2.8470x10-1 1.8060x10-1
1.6590x 10-’ 2.7290x 10-1
3.2450x10-1 3.0330x10-1
9.2770x 10-2 5.2210x 10-2
5.1 160x10-3 2.7770x10-1
3.4880x10-1 3.2980x 10-1
8.5120x10-2 3.1270x10-1
7.0380x10-2 8.1940x10-2
2.7910x10-1 1.3890x10-’
3.5990x10-1 2.5120x10-1
2.0010xIO-1 2.8360 x10-1
2.9320x 10-2 8.7020x 10-2
2.64 IOX1O-1 3.51 OOX1O-1
I .2380x10-1 3.1630x10-1
5.6350x10-2 2.5370x10-’
3.0240x10-] 2.9970x10-1
3.7150x10-1 4.8390x10-3
I .0130x10-1 1.1920x 10-1

1.OcQo
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.Oow
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

EK2cI

4.2676x 105
4.2676x10f
4.2676x 105
4.2676x105
4.2676x105
4.2676x 10s
4.2676x 105
4.2676x 105
4.2676x 105
4.2676x105
4.2676x 105
4.2676x 105
4.2676x 105
4.2676x 105
4.2676x105
4.2676x105
4.2676x 105
4.2676x 105
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for INITIAL_SALADO_DRZ

Run
IsQ

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

BxQ$isY

68.
24.
69.
18.
54.
42.
63.

9.
66.
34.

7.
35.
47.
52.

1.
19.
60.
20.
21.
48.
59.
64.
70.
44.
61.
51.

5.
8.

40.
31.
49.
55.
23.
32.

6.
65.
16.

3::
58.
50.
56.
17.
12.
33.
67.
22.
57.

3.
41,
27.
15.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1,
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
I.

3.
47.

2.
53.
17.
29.

6;:
5.

37.
a.
36.
24.
19.
70.
52.
II.
51.
50.
23.
12.
7.

2;:
10.
20.
66.
63.
31.
40,
22.
16.
48.
39.
65.

6.
55.
67.
35.
13.
21.
15.
54.
59.
38.
4.

49.
14.
68.
30.
44.
56.

BCEXP

69.
21.
34.
52.
15.
56.
37.
57.
16.
39.
22.
61.
41.

8.
18.
24.
55.
28.
40.
33.

2.
38.
60.
17.
43.
53.
64.
63.
29.

I.

:
23.
65.
14.
6.

59.
44.

5.
3.

27.
25.
48.
12.
9.

19.
46.
62.
13.
11,
26.
45.

BCBRSAT

16.
26.
33.
31.
35.
59.

7.
68.
60.
14.
48.
25.
64.

2.
41.
67.
20.
52.
21.
23.
4.

39.
42.
11.
54.
44.
38.
61.
58.

3.
37.
55.
19.
45.
51.
65.
40.
32.
29.
43.
24.
70.
69.
46.
28.
12.
56.

8.
9.

34.
5.

27.

BCGSSAI

41.
23.
38.
34.
26.

9.
29.

5.
33.
61.
36.
51.
52.
31.
68.
39.
67.

2.
30.
57.
40.

4.
8.

47.
18.
12.
14.
27.
63.
28.
43.
66.
60.
64.
24.
65.

6.
70.

7.
20.
19.
59.
22.
11.
17.
42.
46.
37.
13.
35.

3.
69.

BCFM

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
I.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

BCPC1

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for INITIAL_SALADO_DRZ (Concluded)

53 46. 1. 25. 58. 50. 32. 1. 1.
54 43. 1. 28. 20. 30. 48. 1. 1.
55 53. 1. 18. 32. 57. 54. 1. 1.
56 38. 1. 33. 51. 17. 10. 1. 1.
57 14. 1. 57. 68. 49. 1. 1.
58 30. 1. 41. 31. 6;: 58. 1. 1.
59 62. 1. 9. 67. I5. 55. 1. 1.
60 29. 1. 42. 70. 13. 15. 1. 1.
61 25. 1. 46. 36. 49. 25. 1. 1.
62 39. 1. 32. 7. 63. 44. 1. 1.
63 13. 1. 58. 47. 36. 50. 1. 1.
64 11. 1. 60. 42. 6. 16. 1. 1.
65 26. 1. 45. 4. 47. 62. 1. 1.
66 Io. 1. 61. 35. 22. 56. 1. 1.
67 28. 1. 43. 54. 10. 45. 1. 1.
68 37. 1. 34. 50. 53. 53. 1. 1.
69 45. 1. 26. 49. 66. 1. 1. 1.
70 2. 1. 69. 30. 18. 21. 1. 1.
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BIWGFLO Computed Variable Values for LOWER.SHAIT

Run
ML

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
!6
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

_

2.4490x 10-2
1.1240x10-2
5.103OX10-2
1.6070x10-2
4.3250x 10-2
5.8630x10-2
6.6520x 10-2
3.6140x10-2
I.9210x IO-2
4.73OOX1O-2
6.7690x10-2
2.5040x 10-2
7.0630XI 0-2
4.0420x 10-2
2.1150x10-2
7.2500x 10-2
4.9250x 10-2
1.3450XI0-2
7.4520x 10-2
3.7170XIO”2
5.5630x10-2
4.4090X IO”2
6.0100x IO-2
6.9800x 10-2
6.1100x IO-2
5.6930x 10“2
2.8620x10-2
4. 1490XI 0-2
1.4260x10-2
3.2140x IO”2
2.6760x 10-2
3.919OX1O-2
4.5660x 10-2
3.4580x 10-2
3.8780x IO”2
4.6630x 10-2
1.6500x10-2
6.7530x10-2
6.2320x10-2
5.4740X10-2
6.3580x10-2
7.1460x IO”2
4.4580x 10-2
7.3870x 10-2
2.9730x IO”2
I.2610x IO-2
6.05 lox 10-2
3.309OX1O-2
4.1760x 10-2
3.O51OXIO-2
I.8I8OX1O”2
6.51 IOXIO-2

1.0000X IO-15
1.0000X IO-15
1.OOOOX1O-15
1.0000XIO-15
1.Ooooxlo-15
1.0000XIO-15
1,OC-!MXIO-15
1.0000XIO-15
I,0000XIO”15
1.0000XIO”15
1.0000XIO”15
I.OOOOX1O-I5
1.0000XIO-15
1.0000XIO-15
1.OOOOX1O-15
I.OOOOX1O-I5
1.0000XIO-15
1.OOOOX1O-I5
I,0000XIO-15
1.0000 XIO-15
IMOOX1O-I5
I.mxlo-ls
IMOOXIO-15
1.0000XIO-15
1.0000XIO-15
I.WOOX1O-15
1.0000XIO”’5
1,OOOOX1O-I5
1.0000XIO-’5
I.OOOOX1O-I5
I.0000XIO-’S
1.WOOX1O”I5
I.OOOOX1O-I5
1.0000XIO-15
1.0000XIO-15
1.0000XIO-15
1.Ooooxlo-15
1.0000XIO-15
I.OOOOX1O-I5
1.0000XIO-15
1.0000XIO-15
1000OXIO-15
1.0000XIO-15
1.0000XIO-15
I,OOOOX1O-I5
1.OO3OX1O-’5
1.0000XIO-15
1.OOOOX1O”’5
I.OOOOX1O”15
1.OOOOX1O-15
1.OOOOX1O-15
1.0000XIO-15

Comr)r~
.,i

4.4974x I 0-$’
10094XIO”8
2.0283x 10-9
6.9848x10-9
2.4381x10-9
1.7330X10-9
1.4978x10-9
2.9670x10-9
5.8022x 10-9
2.2080x10-9
1.4676x10-9
4.3931XI0-9
1.3961x10-9
2.6264x10-9
5.2470x 10-9
1.3536x10-9
2.1 IO7X1O-9
8.3941x10-9
1.31OIXIO”9
2.8779x10-9
1.8399x10-9
2.3869x 10-9
1.6845x10-9
1,4157XI0-9
1.6528x10-9
1.7922x10-9
3.8123x10-9
2.5522x10-9
7,9031XIO”9
3.3674xIO”9
4.0946xIO”9
2.7166x10-9
2.2963x10”9
3.1121x10-9
2.7480x 10-9
2.2433x10-9
6.7962x 10-9
I .4716x10-9
I .6156x10-9
1.8739xIO”9
1.5786x10-9
1.3770XIO”9
2.3580x10-9
1.3239x10-9
3.6606x10.9
8.9699x 10-9
I .6714x10-9
3.2635x10-9
2.5341x10-9
3.5606x 10-9
6.1451x10-9
1.5356x10-9

BCEXP

7.0000XIO”I
7.OOOOX1O-I
7.0000XIO-1
7.0000X IO-1
7.0000XIO-1
7.OOOOX1O-1
7.0000XIO-1
7.0000X IO-1
7.0000XIO”l
7.COOOX1O-1
7110041XI0-1
7.rMoox Io-1
7.0000XIO”l
7.OOOOX1O-I
7ooooxlo-1
7.0cM)oxlo-l
7.000& lo-1
7.0000XIO”l
7.0000XIO-1
7.0000XIO-1
7.0000XIO-1
7.OOOOX1O-1
7.0000XIO-I
7.0000XIO-I
7.0000X IO-I
7.0000X IO-1
7.04100 XI0-1
7.0000X IO”l
7.0000XIO-1
7.00-OOXIO-I
7.Ooooxlo-l
7.0000X IO-1
7.OOOOX1O-I
7.(DOOXIO-1
7.OOOOX1O-I
7.0000X IO-1
7.0000XIO-I
7.0000X IO-I
7,0003 XI0-1
7.OOOOXIO”I
7.0000X IO”l
7.0000XIO-I
7.0000XIO-1
7,OOOOX1O-1
7.OOOOX1O-1
7.0000XIO-I
7.OOOOX1O”I
7.0000XIO-I
7,0000X I0-’
7.0000XIO-I
7.OOJ3OX1O-’
7.0000X IO-I

RSAT

2.ocx30xlo-l
2.OOOOX1O-I
2.0000X IO-I
2,OOOOX1O-1
2.OOOOX1O-I
2.0000X IO-1
2.OOOOX1O-1
2.00Q0XIO-1
2.OOOOX1O-I
2.0000XIO-I
2.OOOOX1O-I
2.0000XIO”I
2.OOOOX1O-I
2.OOOOX1O-1
2.(KH30XI0-I
2.0000XIO-1
2.0000X IO-1
2.OOOOX1O-1
2.OOOOX1O-I
2.COOOX1O-I
2.0000XIO-I
2.00 WXIO-I
2.OOJ3OX1O-I
2.0000X IO-I
2.0000XIO-1
2.OOOOX1O-I
2.OOOOX1O-I
2,OOOOX1O-’
2.OOOOX1O-I
2.0000XIO-I
2.0000XIO-I
2.OOOOX1O-1
2.0000XIO-I
2J3OOOX1O-I
2.0000XIO-1
2,0000XI0-I
2.OOOOX1O-1
2.0000XIO”I
2.woox lo-l
2.0000XIO-1
2.0000XIO-I
2.CCIOOXIO-1
2.Ooooxlo”l
2.0000XIO-I
2.0000XIO-1
2.0000XIO-I
2.Ooooxlo-l
2.1x)ooxlo-1
2.OOOOX1O-1
2.0000X 10-’
2.0000XIO-’
2.OOOJ3X1O-’

BCGSSAI

O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
O.oim
O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.ooOO
0.0000
0.0000
O.ocoo
O.0000
0.0000
0.0000
0.0000
0.00CQ
O.0000
0.0000
O.cooo
O.0000
0.000o
0.0000
0.0000
0.0000
0.0000
0.0000
o.cQoa
O.0000
O.OQOO

1.0000
1.0000
1moo
1.Oooa
1.0000
1.0000
1.0000
I .Oooo
1.0000
1.CQoo
1.0000
1.000fl
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.00041
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.OoM
1.0000
1.0000
1.0000
1.OoOQ
1.0000
1.0000
1.000a
1.0000
1.0000
1.0000
I .Oooo
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.00C0

BCPCT

8.6734x 104
8.6734x 104
8.6734x104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x104
8.6734x 104
8.6734x 104
8.6734x104
8.6734x 104
8.6734x 104
8.6734x104
8.6734x104
8.6734x 104
8.6734x104
8.6734x 104
8.6734x 104
8.6734x104
8.6734x104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x104
8.6734x 104
8.6734x 104
8.6734x104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x104
8.6734x 104
8.6734x104
8.6734x 104
8.6734x 104
8.6734x104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x 104
8.6734x104
8.6734x 104
8.6734x104
8.6734x 104
8.6734x 104
8.6734x 104
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Computed Variable Values for LOWER.SHAFT (Concluded)

Run
I!LA

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

FmQsisY

2.0520x 10-2
6.4400x 10-2
2.6330x10-2
3.547OX1O-2
1.9820x10-2
2.3880x10-2
5.7990X10-2
6.9150x 10-2
1.5400XI0-2
2.7890x10-2
5.2340x10-2
5.35OOX1O”2
1.0820x10-2
5.O4IOX1O-2
3.3230x 10-2
2.2660x 10-2
4.8950x10-2
5.3660x10-2

. .
~

1.0000XIO-15
1.OOOOX1O-I5
1.OOOOX1O-I5
1.OOOOX1O”15
1.0000XIO-15
I.OOOOX1O-15
1.OOOOX1O”I5
1.OOOOX1O-15
1.0000XIO”15
1.Ooooxlo-15
I. OOOOX1O-I5
1.0000X IO-15
I. OOOOXIO”I5
1.0000X IO-’5
1.0000XIO-15
1.0000X IO-15
1.0000XIO”15
1.ooOOxlo-15

. . .
ressblluy1

5.4158 x10-9
1.5553 XIO”9
4. 1656x10-9
3.0278 x10-9
5.6 159x 10-9
4.6186 x10-9
1.7549x 10-9
1.4313 X1O-9
7.2995x 10-9
3.9186x10-9
I.9713X1O”9
1.9231 x10-9
1.O495X1O-8
2.0563 x10-9
3.2487 x10-9
4.8807 x10-9
2.1251 x10-9
1.9166 x10-9

IKEM

7.OOOOX1O”1
7.OWQX1O-1
7.OCOOXIO-I
7.0000X IO-1
7JIOOJ3XI0-1
7.0000XIO-I
7.0000XIO”l
7.OOOOX1O-I
7.OOOOX1O-I
7.OOOQX1O-1
7.0000XIO-I
7.0000X IO-1
7.0000X IO-1
7.0000XIO-I
7.OOOOX1O-1
7.OOOOXIO”I
7,0000X I0-I
7.Ooooxlo-l

2.C430J3XI0-1
2.0000XIO-1
2.0000XIO-1
2.C43OOX1O-’
2.OOOOX1O-I
2.OOOOX1O-I
2.0000X IO-1
2.Ooooxlo-l
2.0000XIO-1
2.0000XIO-I
2.OOOOX1O-1
2Jloooxlo-1
2.OOOOX1O-1
2.0000XIO-I
2.CO OOXIO-I
2.0000XIO-1
2,OOOOX1O-I
2.OOOOX1O-1

EiQ.ssm.EKEls2

O.0000 1.cooo
O.0000 1.0000
0.0000 1.0000
0.0000 1.0000
0.0000 1.0000
0.0000 1.0000
0.0000 1.0000
0.0000 1.0000
00000 1.OcOo
0.0000 1.0000
0.0000 1.0000
0.0000 1.0000
0.0000 1.0000
00000 1.0000
0.0000 1.0000
0.0000 1.0000
000W3 1.0000
0.0000 1.0000

FKIa

8.6734x 104
8.6734x 104
8.6734x 104
8.6734x104
8.6734x 104
8.6734x 104
8.6734x104
8.6734x104
8.6734x104
8.6734x 104
8.6734x104
8.6734x104
8.6734x104
8.6734x 104
8.6734x104
8.6734x 104
8.6734x 104
8.6734x 104
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BR4GFL0 Ranks of Computed Variable Values for LOWER.SI-IMT

Run
w

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
4-I
48
49
50
51
52

E!QLQdY

16.
2.

45.
7.

36.
53.
61.
29.
lo.
41.
63.
17.
66.
33.
13.
68.
43.

4.
70.
30.
50.
37.
54.
65.
56.
51.
21.
34.

5.
24.
19.
32.
39.
27.
31.
40.

8.
62.
57.
49.
58.
67.
38.
69.
22.

3.
55.
25.
35.
23.

9.
60.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

55.
69.
26.
64.
35.
18,
10.
42.
61.
30.

8.
54.

5.
38.
58.

3.
28.
67.

1.
41.
21.
34.
17.
6.

15.
20.
50.
37.
66.
47.
52.
39.
32.
44.
40.
31.
63.

9.
14.
22.
13.
4.

33.
2.

49.
68.
16.
46.
36.
48.
62.
11.

B~EXP

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

EKBRSAIBQ2SSAI

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
I.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

BCFLG

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

BCPCT

1.
1.
1.
1.
1.
1.
1.
1.
1.
I.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
I.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for LOWER_SHAIT (Concluded)

Run
Nsl

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

Ih2siIY

12.
59.
18.
28.
11.
15.
52.
64.

6.
20.
46.
47.

1.
44.
26.
14.
42.
48.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

59.
12.
53.
43,
60.
56.
19.
7.

65.
51.
25.
24.
70.
27.
45.
57.
29.
23.

KEM? KERSAIEKGSSAI

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

J3CPCT

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Computed Variable Values for PANEL_SEAL

Run
&

;
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

6.4546x 10-2
6.9050x10-2
6.4267x10-2
7.4080x 10-2
7.0423x 10-2
6.7501x10-2
6.7660x10-2
7.4185x10-2
6.7849x10-2
6.5015x10-2
8.3154x10-2
6.0920x10-2
6.2562x 10-2
7.7689x10-2
7.4789x 10-2
8.6557x 10-2
6.0226x 10-2
7.2424x10-2
7.8301x10-2
6.2783x10-2
5.9353XI0-2
7,7349X1O-2
6.3790x 10-2
7.6220x 10-2
5.7045X1O-2
7.1304X1O-2
6.6134x10-2
8.3995x10-2
7.082 1X10-2
8.0747x 10-2
6.6460XI0-2
7.9457x 10-2
6.1584x10-2
6.8752x10-2
5.7582x10-2
6.6807x 10-2
6.3385x10-2
6.0375x 10-2
6.9617x10-2
7.1929x10-2
8.5712x10-2
6.1966x10-2
8.0322x 10-2
6.8201x10-2
6.9955x10-2
7.6523x10-2
6.7080x10-2
7.5590X10-2
5.5156x10-2
7.3176x 10-2
7.OI99X1O”2
7.1211x10-2

1.2330x10”20
2.6840x 10-20
1.1750X10-20
6.3970x 10-20
3.4020x10-20
2.0540x 10-20
2.111OX1O-2O
6.5140x10-20
2.1810x10-20
1.3370X10-20
3.0660x 10-19
6.5920x 10-21
8.7530x 10-21
1.1930XI0-19
7.2300x10-20
5.5180x 10-19
5.8470x 10-21
4.8060x 10-20
1.3260x10-19
9.0940X10-21
5.0290x 10-2]
1.1250x10-19
1.0820x10-20
9.2570x 10-20
3.3760x 10-21
3.9610x10-20
1.6220x10-20
3.5450XI0.19
3.6440XI 0“20
2.0230x 10-]9
1.7160x10-20
I.6190x10-]9
7.3930XI0-21
2.5490x 10-20
3.7040XI0-21
1.8220x10-20
1.0090x 10-20
6.0000x10-21
2.9600x10-20
4.4120XI0-20
4.7690x 10-19
7.8970x 10-21
1.8800XIO”19
2.3180x10-20
3.1380x10-20
9.7550XI 0-20
1.91OOX10-20
8.3030x10-20
2.4360x 10-21
5.4730X10-20
3.2730x10-20
3.8980x10-20

EaFisAI KGssAIBcELtilK!zI

I .5512x10-9
1.4337X1O-9
1.5591X1O-9
1.3I94X1O-9
1.4009X10-9
1.4724x10-9
1.4683x10-9
1.3172x10-9
1.4636x10-9
1.5382x10-9
1.1482x10-9
1.6584x10-9
1.6084x10-9
1.2465x10-9
1.3046x10-9
1.0932x10-9
1.6805x10-9
1.3553X1O-9
1.2348x10-9
1.6018x10-9
1.7088x10-9
1.2531x10-9
1.5726x10-9
1.2754x10-9
I .7881x10-9
1.3805x10-9
1.5080x10-9
1.1342x10-9
1.3916x10-9
1.1898x10-9
1.4994x 10-9
1.2132x10-9
1.6379x10-9
1.44IOX1O-9
1.7691x10-9
1.4903X10”9
I .5842x10-9
1.6757x10-9
1.4200x10-9
1.3664x10-9
I.1064XIO-9
1.6262x10-9
1.1975XI0-9
1.4547XI0-9
I.4120x10-9
1.2693x10-9
1.4832x10-9
1.2881x10-9
I.8579x10”9
1.3388x10-9
1.4062x10-9
1.3826x10-9

7.0000X IO-1
7.OOOOX1O-I
7.OOOOX1O-1
7.0000XIO-I
7.0000XIO-1
7J3000XI0-I
7.0000XIO-1
7.OOOOX1O-1
7.OOOOX1O”I
7.004)OXI0-1
7.OOOOX1O-1
7.0000XIO-1
7.0000XIO-1
7.OOOOX1O-I
7.OQOOX1O-I
7.0000XIO”l
7.OOOOX1O-I
7.OOOOX1O-1
7.OOOOX1O”1
7.tMooxlo-l
7.0000X IO-1
7.0000XIO.1
7.0000XIO-1
7.OOOOX1O”1
7.0000XIO-1
7.0000X IO-1
7.OOOOXIO”I
7.0000X IO-1
7.@300xlo-l
7.OWOXIO-I
70000XI0-I
7.OOOOX1O-I
7.0000X IO-I
7.Ooooxlo-l
7.0000XIO”l
7.000+3xlo-l
7.OOOOX1O-I
7.00041XI0-1
7.0000XIO”I
7.OOOOX1O-I
7.OOOOX1O”1
7.OOOOX1O-I
7.OoOoxlo-l
7.m]o-l
7.0000XIO-1
7.OoOoxlo-l
7.0000XIO-1
7.0000XIO”l
7.0000X IO-I
7.0000XIO-1
7.OOOOX1O-1
7.0000XIO-I

2.OOOOX1O-1
2.0000XIO-I
2.OOOOX1O-1
2.0000XIO-I
2.OOOOXIO”I
2.OOOOX1O-1
2.OOOOX1O-1
2.OOOJ3X1O-1
2.OOOOX1O-1
2.OOO+3X1O-1
2.OOOOX1O”1
2.OOOOX1O-1
2OO4)OX1O-1
2.0000XIO”l
2MH3OX1O-I
2.OOOOX1O-1
203OOX1O-1
2.oCx30xlo-l
2.OO(DX1O”1
2.OOOOX1O”1
2.0000XIO”l
2.WOOX1O-I
2.0000XIO-1
2.0000XIO-1
2.OOOOX1O-1
2.0000XIO-I
2.0000XIO-I
2,0000XI0-1
2.OOJ3OX1O-I
2.OOOOX1O-I
2.tMooxlo”l
2.OOOJ3X1O-1
2.0000XIO-’
2.OOOOX1O-I
2moooxlo-1
2.0000XIO-I
2.000J3XI0-1
2.OOOOX1O-I
2.OOOOX1O-1
211000x10-1
2.0000X IO-I
2.OOOOX1O-1
2.0000XIO-1
2.0000X IO”l
2.OOOOX1O-1
2.0000XIO”I
2.OOOOX1O-I
2moooxlo-1
2.OOOOX1O-1
2.Oooox lo-l
2.OOOOX1O-I
2.0000XIO-1

O.0000
0.0000
0.ooOO
0.0000

::%
O.otm
O.OCQO
o.ooOO
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.ooOO
0.ooOO
0.00Q0
O.0000
0.000o
0.0000
0.0000
0.0000
0.0000
O.CQOO
O.0000
0.00041
0.000o
0.ooOO
0.0000
0.0000
O.oitoa
O.0000
0.0000
0.0000
O.CQOO
O.0000
0.ooOO
0.0000
0.0000
0.0000
0.0000
0.0000
0.000o
0.ooOO
0.0000
0.0000
oaooo
o.ooOO
0.0000

I.OocQ
I.Oooo
I.Oooo
I .Oooo
1.0000
I.Oooo
I.Oooo
I.Oooa
1.0000
I.Oooo
I .Oooo
I.Oooo
1.0000
I.Oooo
1.0000
I .Ooao
1.0000
1.0000
1.0000
I.Oooo
1.0000
1.0000
1.0000
1.0000
1.0000
1.cooo
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.00@
1.0000
1.0000
1.0000
I .Oooo
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

4.3323x106
3.3 IOOX1O’5
4.4051XI0’5
2.4509x 106
3.0494X106
3.6310x 106
3.5968x 106
2.4356x 106
3.5564x 106
4.2126x 106
1.4251x106
5.3803x 106
4.8776x106
1.9755x I 06
2.3492x 106
1.1629x106
5.6083x 106
2.7058x 106
1.9045X106
4.8135x 106
5.9085x 106
2.0160x 106
4.5326x 106
2.1567x 106
6.7820x 106
2.8930x 106
3.94OIX1O’5
1.3553XI06
2.9777x 106
1.6456x106
3.8641x106
1.7774x106
5. I7IOX1O6
3.3696x 106
6.5679x 106
3.7848x106
4.6435XI06
5.5584x106
3.1998x106
2.7870x 106
I .2231x106
5.0544X106
1.6878x106
3.4822x106
3.1358x 106
2.1180x 106
3.7235x106
2.2394x 106
7.5927x 106
2.5868x 106
3.O9O4X1O’5
2.9091x 106
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AppendixB: BRAGFLOReferenceTables

Table B-2 1992 BRAGFLO Computed Variable Values for PANEL.SEAL (Concluded)

Run
&

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

Fksu2uY

8. 1495x 10-2
7.8822 x10-2
8.2516x10-2
6.5560x10-2
7.4885x 10-2
5. 1492x 10-2
9.OOOOX1O-2
5.5835 x10-2
7.6860x10-2
7.1746x10-2
7.3762x10-2
7.5663 x10-2
7.3045 XI0-2
5. 107OXIO-2
7.2562x 10-2
6.9149x10-2
5.8844x10-2
6.5148 x10-2

2.3020x 10-19
1.451OXIO-19
2.7460x 10-19
1.4690x10-20
7.351OX1O”2O
1.2940x10-21
1.OOOOX1O-I8
2.7390x 10-21
1.0340X10-(9
4.2750x10-20
6.0550x10-20
8.4080x10-20
5.35OOX1O-2O
1.2030x10-21
4.9220x10-20
2.7300x10-20
4.606OX1O-21
1.3680x10-20

1.1766x10-9
1.2250x10-9
1.1590XI0-9
1.5234x10-9
1.3026x10-9
2.0079x10-9
1.0418x10-9
1.8323x10-9
1.2626x10-9
1.3705X1O-9
1.3262x10-9
1.2866x10-9
1.3417X10-9
2.0265x 10-9
1.3523x10-9
1.4313X1O-9
1.7258x10-9
I .5346x10-9

7.0000XIO-1
7.OOCOX1O-1
7.0000XIO-I
7.OOOOX1O-I
7.OOOOX1O-(
7.OOOOX1O-I
7.mlo-t
7.0000XIO-1
7.0000XIO-1
7.OOOOX1O-I
7.0000XIO”I
7.OOOOX1O-1
7.OOOOX1O-1
7.OOOOX1O-1
7.000QXIO-1
7.0000XIO-I
7.OOOOX1O-1
7.OOOOX1O-1

B~BRSAT

2.OOOOX1O-1
2.OOOOX1O-I
2.OOOOX1O-(
2.OOOOX1O-I
2.OOOOX1O-1
2.OOOOX1O-I
2.ooOoxlo-l
2.OOOOX1O-I
2.OOOOX1O-I
2.OOOOX1O”(
2.0000XIO-I
2.OOOOX1O-I
2.OOOOX1O-I
2CQOOX1O-1
2.OOOOX1O”I
2.OOOOX1O”1
2.0000XIO-1
2.0000XIO-I

EKGSSAIB!QEU2BSEI

O.0000 1.0000 1.5736x106
0.0000 1.0000 1.8461x106
O.0000 1.(!OOO 1.4805x106
0.0000 1.0000 4.O775X1O6
O.0000 I .Oooo 2.3358x106
0.0000 1.0000 9.4506X1O6
O.0000 1.0000 9.4665x105
O.0000 1.0000 7.2909x 106
0.0000 1.0000 2.0757x 106
O.0000 1.0000 2.8176x106
O.0000 I .Oooo 2.4979x106
O.m 1.0000 2.2297x106
O.0000 1.0000 2.6072x 106
O.0000 1.0000 9.6921x106
O.0000 1.0000 2.6835x106
O.0000 1.0000 3.2906x 106
O.m 1.0000 6.0909x 106
O.0000 I .Oooo 4.1793X106
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AppendixB: BRAGFLOReferenceTables

Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for PANEL_SEAL

ML

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

_

19.
32.
18.
48.
37.
27.
28.
49.
29.
20.
66.
11.
14.
58.
50.
69.
9.

43.
59.
15.
8.

57.
17.
54.

5.
40.
23.
67.
38.
63.
24.
61.
12.
31.

6.
25.
16.
10.
34.
42.
68.
13.
62.
30.
35.
55.
26.
52.

3.
46.
36.
39.

19.
32.
18.
48.
37.
27.
28.
49.
29.
20.
66.
11.
14.
58.
50.
69.
9.

43.
59.
15.
8.

57.
17.
54.

5.
40.
23.
67.
38.
63.
24.
61.
I2.
31.

6.
25.
16.
10.
34.
42.
68.
13.
62.
30.
35.
55.
26.
52.

3.
46.
36.
39.

52.
39.
53.
23.
34.
44.
43.
22.
42.
51.

5.
60.
57.
13.
21.

2.
62.
28.
12.
56.
63.
14.
54.
17.
66.
31.
48.

4.
33.

8.
47.
10.
59.
40.
65.
46.
55.
61.
37.
29.

3.
58.

9.
41.
36.
16.
45.
19,
68.
25.
35.
32.

IY=XP

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

BCB13S&I

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

13CGS&91

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

BCPC’C

52.
39.
53.
23,
34.
44.
43.
22.
42.
51.

5.
60.
57.
13.
21.

2.
62.
28.
12.
56.
63.
14.
54.
17.
66.
31.
48.

3::
8.

47.
10.
59.
40.
65.
46.
55.
61.
37.
29.

3.
58.

9.
41.
36.
16.
45.
19.
68.
25.
35.
32.
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for PANEL_SEAL (Concluded)

Run
k

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

64.
60.
65.
22.
51.

2.
70.

4.
56.
41.
47.
53.
45.

1.
44.
33.

7.
21.

EKBJ3SNEKE3SAI

64.
60.
65.
22.
51.

2.
70.

4.
56.
41.
47,
53.
45.

1,
44,
33.

7.
21.

7.
11.
6.

49.
20.
69.

1.
67.
15.
30.
24.
18.
26.
70.
27.
38.
64.
50.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

JWPCT

7.
Il.
6.

49.
20.
69.

1.
67.
15.
30.
24.
18.
26.
70.
27.
38.
64.
50.
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Computed Variable Values for SALADO

—

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

;:
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

I!msilY

2.8660x10-2
6.9900x10-3
2.8970x10-2
5.6130x10-3
2.0560x10-2
I.375OX1O-2
2.5930x 10-2
3. 1850x 10-3
2.7270x 10-2
9.6770x 10-3
2.5730x10-3
9.8270x10-3
1.6610XI0-2
1.9600x 10-2
1.159OX1O-3
5.8700x10-3
2.3950x10-2
6.1370x10-3
6.2550x10-3
1.7070X10-2
2.3500x10-2
2.6030x10-2
2.9920x10-2
1.471OXIO-2
2.4720x10-2
1.8820x 10-2
2.2740x 10-3
2.8830x10-3
1.2680x 10-2
8.7910x10-3
1.7650x 102
2.0930x10-2
6.6640X I0-3
9. I030X 10-3
2.4230x 10-3
2.7120x10-2
5.0960x10-3
1.8940x 10-3
1.0090x 10-2
2.2760x10-2
1.8020x10-2
2.1990x10-2
5.1790XI0-3
3.9OIOX1O-3
9.3870x 10-3
2.8280x10-2
6.5700x10-3
2.2390x10-2
1.6820x 10-3
1.2890x 10-2
7.8440x10-3
4.71 30X10-3

3.6308x10.21
9.7724x 10-21
1.3183x10-21
1.5136x10-21
2.8840x 10-22
7.2444x 10-24
1.1481x10-22
4.8978x10-22
4.7863x 10-24
3.981 lxlo-21
7.7625x10-21
9.1201x10-21
8.7096x 10-24
7.0795XI0-23
3.0200x 10-24
1.9953x 10-21
1.2882x10-22
6.7608x 10-22
3.9811x10-23
1.8197x10-20
2.8840x 10-20
5.4954x 10-21
5.4954X1O-22
I .2023x10-21
7.O795X1O-21
1.7378x10-21
5.1286x 10-22
4.5709X1O-22
2.3442x10-21
7.9433XI0-22
3.3884x 10-22
6.166OX1O-21
1.OOOOX1O-2I
2.3988x10-22
3.C903X1O-21
1.5849x10-22
8.51 14x10-22
5.1286x 10-21
7.5858x10-22
2.5704x10-23
5.8884x 10-21
6.3096x 10-22
2.4547x10-21
3.981 1xIO”2*
2.8840x 10-2]
1.0471x10-24
5.7544X1O-2O
2.8184x10-21
1.9953x 10-22
1.8621X]0-22
8.7096x 10-21
1.9953x 10-21

3.8066x10-9
1.6383x10-8
3.7632x10-9
2.L2463x10-8
5.4048x10-9
8.2055x10-9
4.2337x10-9
3.6253x10-8
4.0134x 10-9
1,1764X1O-8
4.4936x10-8
1.1581x10-8
6.7496x 10-9
5.6818x10-9
1.0006x10-7
I .9556x10-8
4.6044XI09
1.8695x10-8
1.8337x10-8
6.5609x10-9
4.6974x 10-9
4.2165x10-9
3.6358x10-9
7.6537x10-9
4.4532x10-9
5.9276x10-9
5.0877x10-8
4.0077X10-8
8.9190x10-9
1.2975x10-8
6.3371x10-9
5.3048x10-9
1.7196x10-8
1.2522x10-8
4.7733xlo-8
4.0370X10-9
2.2564x 10-8
6.1135x10-8
1.1273x1o-8
4.8582x 10-9
6.2019x10-9
5.0371XIO”9
2.2199x10-8
2.9553x 10-8
I .2135x10-8
3.861 lxlo-9
1.7446x10-8
4.9426x 10-9
6.8872x10-E
8.7696x 10-9
1.4572x10”8
2+1418x10-8

9.6790
4.9660x10-]
6.7900x10-1
5.1820
4.O71OXIO-I
6.1420
I .0990
6.4480
4.2610x IO-1
1.5170
5.1250x10-]
7.4960
2.2490
3.0620x10-1
4.4620 x10-1
5.3590X 10-1
5.9190
5.8730x10-1
2.0050
6.7090x 10-1
2.2590x10-1
I ,4340
7.0990
4.327OX1O”’
2.7610
5.2660
8.3330
7.9460
6.0410x10-1
2.OO4OX1O-I
3.3160x10-]
8.8800
5.2200x10-]
8.6520
3.9470XI0-I
2.7500x10-1
6.9780
2.9640
2.6060x 10-1
2.4160x10-1
5.749OX1O-I
5.4840x 10-1
4.0000
3.6050XI0-1
3.2390x 10-1
4.6060x10-1
3.4760
7.7080
3.753OX1O-I
3.5390X 10-1
5.6OOOX1O-I
3.2370

8.7890x 10-2
1.4570X10-1
1.8490x10-1
1.7260x10-1
1.9880x10-1
3.3170XI0-1
3.543OX1O”2
3.8660x10-1
3.4080x10-1
7.9OOOX1O-2
2.7170x10-1
1.41OOXIO”1
3.6500x10-]
8.3660x 10-3
2.3100x10-1
3.7890x10-1
I.113OX1O-1
2.9470x10-1
1.164OX1O-’
1.2940x10-1
1.977OX1O-2
2.1830x10-1
2.3880x10-1
6. 1270x10“2
3.O51OX1O”I
2.4700x10-1
2. 1280x10-1
3.474OX1O-1
3.304OX1O-1
1.4050X10-2
2.1130x10-1
3.143OX1O-I
1.O53OX1O-I
2.5150x10-1
2.9070x10-1
3.7090X10”I
2.2650x10-1
1.7810x10-I
1.6330x10-1
2.4340x 10-1
1.3340XI0-1
3,964OX1O-1
3.907OX1O-1
2.5980x10-1
1.5830x10-]
6.5170x10-2
3.1780x10-1
4.5510XI0-2
5.011OXIO-2
1.8990x10-]
2.3180x10-2
1.5040XI0-I

2.3300x10-1
I .2590x10-1
2.1660x10-1
1.8900x10-1
1.459OX1O-1
4.793OX1O-2
1.6220x10-1
2.8520x10-2
1.8690X10-1
3,4810x10-1
2.0030x10-1
2.8620x 101
2.9370x10-1
1.736OX1O-I
3.8350x 101
2.1720x10-1
3.8060x10-1
8.6120x10-3
1.6670x10-1
3.21 10xIO-l
2.2330x10-1
1.8710x10-2
4,5230x10-2
2.6430x10-1
9.99OOX1O-2
6.8060XI0-2
7.5730X10-2
1.5270x10-1
3.5780x10”1
1.553OX1O-I
2.4050x 10-1
3.755OX1O”1
3.4I9OX1O-I
3.6280x10-1
1.339OX1O-1
3.6960x 10-1
3.0790X10-2
3.9620x10-1
3.7240x 10-2
1.I1OOXIO-’
1.0650XI0-1
3.35 OOX1O”1
1.2040X 10-1
5.735OX1O-2
9.4190XI0-2
2.3880x10-1
2.6060x10-]
2.0750x 10-1
6.9900x10-2
1.9850x 10-1
1.1810x 10-2
3.8860x 10-1

0.0000
1.0000
1.0000
1.Ooou
1.0000
0.0000
0.0000
1.0000
1.0000
1.0000
0.0000
1.0000
1.0000
1.0000
o.ocOo
1.0000
0.0000
0.0000
1.0000
1.0000
0.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
O.OQOO
1.0000
0.0000
1.0000
1.0000
1.0000
0.0000
1.0000
1.0000
1.0000
1.0000
1@ooo
1.0000
1.OoQo
O.0000
0.0000
0.0000
1.0000
1.0000
1.0000
0.0000
1.0000
1.0000
1.0000
O.m

KE!c.I

6.61 35x 106
4.6951x106
9.39OOX1O6
8.9517x106
1.5887x 107
5.6837x107
2.1849x107
1.3227x 107
6.5601x107
6.4060x 106
5.0845x 106
4.8087x 106
5.3327x107
2.5828x107
7.6932x 107
8.1356x106
2.0996x 107
1.1831x107
3.1520x 107
3.7864x 106
3.2287x106
5.7299x 106
1.2710x 107
9.6941x 106
5.2491x106
8.5339x106
1.3018x107
1.3547XI07
7.6943x 106
1.1189x107
1.5025x 107
5.5061x 106
1.0332x 107
1.6932x 107
6.9928x 106
1.9543x 107
1.0925x 107
5.8685x106
1.1369x 107
3.6671x107
5.5946x 106
1.2117x 107
7.5727x 106
6.4060x 106
7.1619x 106
1.I099XI08
2.5423x 106
7.2192x106
1.8046X 107
1.8483x107
4.8859x 106
8.1356x106
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@pendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Computed Variable Values for SALADO (Concluded)

53 1.5900XIO”2
54 1.4500X 10-2
55 2.0030x10-2
56 1.1650x10-2
57 4.5630x10-3
58 8.7110x10-3
59 2.5160x10-2
60 8.2600x10-3
61 7.3840x10-3
62 1.2250x 10-2
63 4.109OXIO-3
64 3.7390X 10“3
65 7.47OOX1O-3
66 3.533 OX1O-3
67 8.1910x10-3
68 1.0760x 10-2
69 1.519OX1O-2
70 1.4890x10-3

4.6774x 10-21
3.7154 X1O-22
1.4125 x10-22
1.6596x 10-24
3.8904 x10-22
2.1878 x10-23
1.4791 X1O-23
9.1201 x10-23
1.O715X1O-21
1.2303 x10-22
3.0903 XI0-22
1.6982x 10-22
1.5488x 10-21
4.8978x 10-23
1.1482x10 -2]
2.2387 x10-22
2.5704 x10-22
2.5704x 10-24

7.0621 x10-9
7.7681 x10-9
5.5544XI0-9
9.7296x10-9
2.5229x10-8
1.3097X10-8
4.3709 X1O-9
1.3825 x10-8
1.5495x 10-8
9.2408 x10-9
2.8045 x10-8
3.0845 x10’8
1.53 I4X1O’8
3.2658 x10’8
1.3944 X1OJ3
1.O555X1O-8
7.4039 XI0-9
7.7831 x10-8

6,7410
4.7200x10-1
6.5030x 10-1
4.8480
9.2110
6.4060x10-1
8.9580
9.8620
8.0490x10-1
2.8630x10-1
3.7540
2.4950
2.5410x IO-1
6.9150x10-1
5.5890
4.52041
4.3270
6.2770x10-1

2.8470x10-1
1.6590x10-1
3.2450x10-1
9.2770x10-2
5.1160x10-3
3.4880x10-1
8.5120x10-2
7.0380x10-2
2.7910x IO-1
3.599OX1O-I
2.OOIOX1O-I
2.9320x 10-2
2.6410XI0’I
1.2380x10-1
5.6350x10-2
3.0240x10-1
3.7 I5OX1O-I
I.O13OX1O-1

BuisAI

1.8060x10- 1
2.7290x10-1
3.O33OX1O-1
S.221OX1O-2
2.7770x10-1
3.2980x10-1
3.1270x10-1
8.1940x10-2
1.3890x10-’
2.5120x10-1
2.8360x10-1
8.7020x 10-2
3.51 OOX1O-I
3.1630x10-1
2.5370x10-1
2.9970x10-1
4.8390x10-3
1.1920x10-1

BCFLG

I.Oooo
0.0000
0.0000
Omoo
1.0000
1.0000
1.0000
1.0000
I .Oooo
1.0000
O.OCOO
1.0000
1.0000
0.0000
0.0000
0.0000
1.0000
1.0000

Baa

6.0585x 106
1.4554x 107
2.0337x 107
9.4639x 107
1.4324x107
3.8775x107
4.4398x 107
2.3661x107
I.OO88X1O7
2.1333x107
1.55 I1X107
1.9081x 107
8.8807x 106
2.9339x107
9.8498x106
I .7342x107
1.6532x 107
8.1344x 107
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BR4GFL0 Ranks of Computed Variable Values for SALADO

Run
k

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

;;
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

_

68.
24.
69.
18.
54.
42.
63.
9.
66.
34.
7.
35.
47.
52.
1.
19.
60.
20.
21.
48.
59.
64.
70.
44.
61.
51.
5.
8.
40.
31.
49.
55.
23.
32.
6.
65.
16.
4.
36.
58.
50.
56.
17.
12.
33.
67.
22.
57.
3.
41.
27.
15.

PemeabdUy
. .

55.
67.
44.
45.
26.
6.
15.
32.
5.
56.
64.
66.
7.
13.
4.
48.
17.
36.
11.
68.
69.
60.
34.
43.
63.
47,
33.
31.
50.
38.
28.
62.
40.
24.
54.
19.
39.
59.
37.
10.
61.
35.
51.
56.
53.
1.
70.
52.
22.
21.
65.
48.

3.
47.
2.
53.
17.
29.
8.
62.
5.
37.
64.
36.
24.
19.
70.
52.
II.
51.
50.
23.
12.
7.
1.
27.
10.
20.
66.
63.
31.
40.
22.
16.
48.
39.
65.
6.
55.
67.
35.
13.
21.
15.
54.
59.
38.
4.
49.
14.
68.
30.
44.
56.

JmwF’

69.
21.
34.
52.
15.
56.
37.
57.
16.
39.
22.
61.
41.
8.
18.
24.
55.
28.
40.
33.
2.
38.
60.
17.
43.
53.
64.
63.
29.
1.
10.
66.
23.
65.
14.
6.
59.
44.
5.
3.
27.
25.
48.
12.
9.
19.
46.
62.
13.
11.
26.
45.

J3CBSATR

16.
26.
33.
31.
35.
59.
7.
68.
60.
14.
48.
25.
64.
2.
41.
67.
20.
52.
21.
23.
4.
39.
42.
11.
54.
44.
38.
61.
58.
3.
37.
55.
19.
45.
51.
65.
40.
32.
29.
43.
24.
70.
69.
46.
28.
12.
56.
8.
9.
34.
5.
27.

BCGSSAI

41.
23.
38.
34.
26.
9.
29.
5.
33.
61.
36.
51.
52.
31.
68.
39.
67.
2.
30.
57.
40.
4.
8.
47.
18.
12.
14.
27.
63.
28.
43.
66.
60.
64.
24.
65.
6.
70.
7.
20.
19.
59.
22.
11.
I7.
42.
46.
37.
13.
35.
3.
69.

Bcl=u

1.
24.
24.
24.
24.
1.
1.
24.
24.
24.
1.
24.
24.
24.
1.
24.
1.
1.
24.
24.
1.
24.
24.
24.
24.
24.
24.
1.
24.
1.
24.
24.
24.

;4.
24.
24.
24.
24.
24.
24.
1.
1.
1.
24.
24.
24.
1.
24.
24.
24.
1.

KI?!21

16.
4.
27.
26.
45.
65.
56.
39.
66.
14.
7.
5.
64.
58.
67.
22.
54.
35.
60.
3.
2.
11.
37.
28.
8.
24.
38.
40.
21.
33.
43.
9.
31.
47.
17.
52.
32.
12.
34.
61.
10.
36.
20.
14.
18.
70.
1.
19.
49.
50.
6.
22.
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for SALADO (Concluded)

Run
M

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

BxQ5i!Y

46.
43.
53.
38.
14.
30.
62.
29.
25.
39.
13.
Il.
26.
10.
28.
37.
45.
2.

PermeW
.1

58.
29.
18.
2.
30.
9.
8.
14.
41.
16.
27.
20.
46.
12.
42.
23.
25.
3.

-ressw

25.
28.
18.
33.
57.
41.
9.
42.
46.
32.
58.
60.
45.
61.
43.
34.
26.
69.

BCEXP

58.
20.
32.
51.
68.
31.
67.
70.
36.
7.
47.
42.
4.
35.
54.
50.
49.
30.

BCf3RSAI

50.
30.
57.
17.
1.
62.
I5.
13.
49.
63.
36.
6.
47.
22.
lo.
53.
66.
18.

BCGSSAT

32.
48.
54.
10.
49.
58.
55.
I5.
25.
44.
50.
16.
62.
56.
45.
53.
1.
21.

BCFLG

24.
1.
1.
1.
24.
24.
24.
24.
24.
24.
1.
24.
24.
1.
1.
1.
24.
24.

Bsu

13.
42.
53.
69.
41.
62.
63.
57.
30.
55.
44.
51.
25.
59.
29.
48.
46.
68.
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Computed Variable Values for SHAIT_SEAL

ML

1
2
3
4
5
6
7
8
9
10
II
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

E2r.Q@t

5.6433 XI0-2
4.3305 X1O-2
4.0073X 10-2
5.8422x10-2
3.5889x10-2
4.8739x10-2
I .8565x10-2
3.3804x10-2
8.2847x 10-2
4.8961 x10-2
6.0343x 10-2
5.5800x10-2
7.2964x10-2
6.0840x 10-2
5.0585x 10-2
3.5074 XI0-2
5.7146 x10-2
8.2074x 10-2
6.3721 X10-2
1.6736x 10-2
4.7082 x10-2
4.6655 x10-2
5.0975 XI0-2
6.8520x 10-2
5.1999 XI0-2
4. I033XI0-2
6.1762x10-2
3.7132 x10-2
6.9933 x10-2
4.7777X I0-2
2.2998 x10-2
4.5772 x10-2
5.3975 XI0-2
6.6056x10-2
2.5859 x10-2
2.7519 x10-2
4.9770X I0-2
4.2030x IO”2
3.8123 x10-2
6.2212x10-2
6.2879x 10-2
5.5614 x10-2
3.3383 x10-2
7.4798x 10-2
6.5132 x10-2
4.5591 X1O-2
7.6297 xIO”2
9.0000X 10-2
7.8712x 10-2
2.2704 x10-2
2.8140x10-2
4.2389x 10-2

Permeti . .

3.2690x 10-17
1.2730x10-17
5.5560x 10-17
I .8260x 10-17
4.6190x 10-19
9.4430X IO”18
3.435 OX1O-17
1.1320x10 -18
3.6880x 10-19
7.9740X I0-1*
3.8050x10-18
2.0750x 10-17
4.9500X I0-17
4.9160x 10-18
4.2050x 10-]8
I.0530X10” I8
6.8710x IO-19
2.9880x 10-18
7.1460x 10-17
4.5930X IO”I’3
1.9190XIO”18
4.3250x 10-]7
1.7220x 10-18
5.2090x 10-19
1.IO4OX1O-I6
1.451OXIO”I9
1.1630x10 -19
I .0480x 10-17
4.0080x IO”18
7.9680x 10-17
1.9610x 10-]7
5.0000X IO”16
8.1000x IO-]9
7.5340X I0-18
1.1420x 10-17
2.6550x 10-18
1.4690x 10-17
1.2620x 10-1g
24’400XI0-16
8.6700x 10-]8
6.0530x 10-19
9.7OIOX1O-I9
2.1950x 10-17
1.4780x 10-]R
2.7170x 10-]7
2.0720x 10-18
3.913 OX1O-I7
1.6990x 10-17
2.3260x 10-18
2.8780x 10-17
2.3210x 10-18
1.5210x 10-18

1.8102 x10-9
2.4347x 10-9
2.65 12x 10-9
1.7400XI0-9
2.9895 x10-9
2.1354 x10-9
6.01 25x 10-9
3.1893 x10-9
1. I533X1O-9
2. 1246x 10-9
1.6767x 10-9
1.8336x10-9
1.3434x 10-9
1.66 IOX1O-9
2.0484 x10-9
3.0648 x10-9
1.7845x 10-9
1.1666XI0-9
1.5746x 10-9
6.6967x 10-9
2.2194 x10-9
2.2420x 10-9
2.0308 x10-9
1.4468x 10-9
1.9859x 10-9
2.5834x 10-9
1.6324x 10-9
2.8811 x10-9
1.4125x10-9
2.1834 x10-9
4.8054x 10-9
2.2901 x10-9
I .9040XI0-9
1.5101 XI0-9
4.2460x10-9
3.9748 x10-9
2.0860x 10-9
2.5162 x10-9
2.7997x 10-9
I,6188XI0-9
1.5990X10-9
1.8405x 10-9
3.2327 x10-9
1.3044XI0-9
1.5350X10“9
2.3001 x10-9
1.2738x 10-9
I .0418x10-9
1.2271x 10-9
4.8708x 10-9
3.8816 x10-9
2.4928 x10-9

BcEx!?

7.W) OXIO-1
7.OOOOX1O-1
7.0000XIO-1
7.OOOOXIO”I
7.oOuoxlo-l
7.0000x lo-1
7.OOOOX1O”I
7.0000XIO-I
7.oOooxlo”l
7.0000X IO-’
7.0000XIO”I
7.0000XIO-I
70000xlo-1
7.OOOOX1O-’
7.OOOOX1O-I
7.ooOOxlo-1
7.0000XIO-1
7.0000X IO”’
7mooxlo-1
7m30xlo-I
7.OOOOX1O-I
7.0000X 10-1
7.OOOOX1O-’
7.0000X IO-’
7.0000XIO-I
7.0000x lo-l
7.ccOoxlo”l
7.0000XIO-I
7.ooOoxlo-l
70000xlo-1
7.Ooooxlo-l
7.0000XIO-1
7.0000xlo-l
70000xlo-1
7.0000XIO-1
7.cOooxlo-l
7.ooOoxlo-l
7.0000XIO-’
7.0000XIO-I
7.0000XIO”I
7.0000X IO-’
7W30XI0-I
7.OOOOX1O-1
7.OOOOX1O”1
7,0000XI0-I
7.0000XIO-I
7.cOooxlo-l
7.0000X IO-I
7.0000X IO-I
7.0000X IO”I
7.oocOxlo-l
7.0000XIO-I

BC13RSAT

2.OOOOX1O”I
2.0000XIO-1
2.OOOOX1O-1
2.OOOOX1O-1
2.OOOOX1O”1
2.0000XIO-1
2.0000XIO-1
2.0000XIO-I
2.0000XIO-1
2.0000XIO-I
2.OOOOX1O-I
2J3000XI0-I
2.wsooxlo-l
2.OOOOX1O-1
2.0000XIO”l
2JWOOX10”I
2.0000XIO-1
2.0000XIO-1
2.0000XIO-1
2.0000XIO”l
2.0000XIO”l
2.OOOOX1O-1
2.OOOOX1O”I
2.0000XIO-1
2.OOOOX1O-I
2.OOOOX1O-I
2.0000XIO-I
2.0000XIO-I
2,0000XI0-I
2.OOOOX1O”1
2.0000XIO-1
2.0000XIO-1
2.0000XIO-1
2.0000XIO-1
2.0000XIO-1
2W30XI0-1
2.0000X IO-1
2.0000XIO-1
2.0000XIO-1
2.0000XIO-I
2.0000XIO-I
2.OOOOX1O”1
2.OOOOX1O”I
2.0000XIO”l
2.OOOOX1O-’
2.0000XIO-’
2J3000XIO”’
2.0000X IO”’
2.0000X IO-1
2.OOOOX1O-I
2M3OOX1O-I
2.0000X IO-’

BCGSSAT

O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.000fl
O.0000
0.0000
0.0000
0.0000
0.0000
o.tXDO
O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.ooOO
0.0000
0.0000
0.0000
0.0000
0.0000
O.CQOO
O.0000
0.0000
0.0000
O.OQOO

BCFLG

1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
I .Oooo
1.0000
1.0000
1.0000
I .Oooo
1.0000
1.0000
1.OQoo
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
I .Oooo
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

BQa

2.8327x 105
3.9257x 105
2.3578x10S
3.4650x 105
1.2367x 106
4.353 IX105
2.7846x 105
9.0690XI05
1.3368x 106
4.6154x 105
5.9619x 105
3.3151XI05
2.4539x105
5.4562x 105
5.7592x105
9.2988x105
1.0779X106
6.4820x 105
2.1611x 105
5.5860x 105
7.5552x 105
2.5712x 105
7.8437x105
1.1863x 106
1.8592x 105
1.8461x 106
I .9930XI06
4,1990XI05
5.8557x 105
2.0812x10S
3.3806x 105
I.1024x I05
1.0182x 106
4.7069x 105
4.0760x 105
6.7525x 105
3.7359XI05
8.7342x 105
1.413OX1O5
4.4837x IOS
1.1262x 106
9.5664x 105
3.2513x10S
8.2695x105
3.0199XI05
7.3573XI05
2.6618x 105
3.5526x105
7.0687x 105
2.9604x 105
7.0740XI05
8.1879x 105
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Computed Variable Values for SHAIT_SEAL (Concluded)

Run
N&

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

_

5.8188 x10-2
6.7354x10-2
3.9083 x10-2
6.6469 x10-2
5.3429x10-2
5.4958 x10-2
5.2762x10-2
2.9620x10-2
4.0430XIO”2
4.4173 X1O-2
5.9404 XI0-2
3.2463 x10-2
7.1865 x10-2
4.5OO3X1O-2
3.1590XI0-2
1.0000XIO-2
5.1572 x10-2
3.7917 X1O-2

6.3790x 10-18
1.5510XI0-’7
3.5290x 10-’8
8.166OX1OI8
5.374OX1O-18
9.359OX1O-17
5.7450X 10-18
3. I91OXIO-18
2.8000x10 -18
6.3220x 10-17
I .2980x 10-16
5.8550x1018
2.4680x 10-17
6.8400x 10-]8
1.1240x 10-17
2.4420X 10-‘9
1.3260x 10-17
2.0800x 10-16

1.7480x10-9
1.4762x10-9
2.7248x 10-9
1.499IX1O”9
1.9260x10-9
1.8655x10-9
1.9535X1O-9
3.675 1X10-9
2.6256x10-9
2.3820x10-9
1.7071XI0-9
3.33 I4X1O-9
1.3678x10-9
2.3335x10-9
3.4304XI0-9
1.1376x10-8
2.0044XI0-9
2.8162x10-9

7.0000XIO-I
7.OOOOX1O-I
7.0000XIO-1
7.(X)OOXIO-I
7.OOOOX1O-1
7.0000XIO-1
7.OOOOX1O”1
7.OOOOX1O-I
7.OOOOX1O-1
70000XI0-1
7.0000XIO-I
7.OOOOX1O-1
7.0000XIO-1
7.mxlo-l
7.OOOOX1O”I
7.0000XIO”I
7.WH3OX1O-1
7.OOOOX1O-I

BCBRSAI

2.OOLMX1O-1
2.0000XIO-I
2.0000XIO”l
2.0000XIO-1
2.OOOOX1O-1
2.0000XIO-I
2.0000XIO-I
2.0000XIO-1
2.0000XIO-I
2.0000XIO-I
2.OOOOX1O-I
2.OOOOX1O-I
2,OOOOX1O-1
2.OOOOX1O-1
2.0000XIO-’
2.0000XIO-1
2.OOOOXIO”I
2.0000XIO-I

BCGSSAI

O.0000
O.cooo
O.0000
0.0000
0.0000
O.ocoo
O.0000
0.0000
0.000a
O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
Omoo
O.0000
O.ofm

BcFf.~

1.0000
1.0000
1.0000
I .Oooo
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
I .Oooo
1.OoM1
1.0000
1.0000
1.0000
1.0000
1.0000

BCPCT

4.9859x IOS
3.6664x 105
6.1193x 105
4.5775X105
5.2906x 10s
1.9685xIOS
5.1698x 105
6.3362xIOS
6.6294x10S
2.2547x 105
1.7579XI05
5.1360x 105
3.1220x 105
4.8670x 105
4.0985x 105
1.5418x 106
3.8707x 105
1.4933x 105
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Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for SHAIT.SEAL

Run
k

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

B2r.MY

46.
25.
20.
49.
15.
33.

3.
13.
69.
34.
51.
45.
64.
52.
36.
14.
47.
68.
56.

2.
31.
30.
37.
61.
39.
22.
53.
16.
62.
32.

5.
29.
42.
58.

6.
7.

35.
23.
18.
54.
55.
44.
12.
65.
57.
28.
66.
70.
67.

4.
8.

24.

56.
44.
61.
49.

5.
40.
57.
12.
4.

37.
26.
51.
60.
30.
28.
11.
8.

23.
63.
29.
17.
59.
16.
6.

66.
2.
1.

41.
27.
64.
50.
70.

9.
36.
43.
21.
46.
13.
69.
39.

7.
10.
52.
14.
54.
18.
58.
48.
20.
55.
19.
15.

25.
46.
51.
22.
56.
38.
68.
58.

2.
37.
20.
26.

7.
19.
35.
57.
24.

3.
15.
69.
40.
41.
34.
10.
32.
49.
18.
55.

9.
39.
66.
42.
29.
13.
65.
a.
36.
48.
53.
17.
16.
27.
59.

6.
14.
43.

5.
1.
4.

67.
63.
47.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

;:
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

KE.RsAIExissAl

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
I.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

B~FLG

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

BcPff

15.
27.
10.
22.
66.
31.
14.
59.
67.
34.
45.
20.
11.
41.
43.
60.
63.
48.

8.
42.
54.
12.
55.
65.

5.
69.
70.
30.
44.

2;:

6;:
35.
28.
50.
25.
58.

2.
32.
64.
61.
19.
57.
17.
53.
13.
23.
51.
16.
52.
56.
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Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for SHAIT_SEAL (Concluded)

Run
M

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

48.
60.
19.
59.
41.
43.
40.

9.
21.
26.
50.
11.
63.
2-1.
10.

1.
38.
17.

34.
47.
25.
38.
31.
65.
32.
24.
22.
62.
67.
33.
53.
35.
42.

3.
45.
68.

E!!a2Q BCBRSA~ BCGSSAT WxLG

23.
11.
52.
12.
30.
28.
31.
62.
50.
45.
21.
60.

8.
44.
61.
70.
33.
54.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

Emx

37.
24.
46
33.
40.

6.
39.
47.
49.

9.
4.

38.
18.
36.
29.
68.
26.

3.
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Table B-2 1992 BRAGFLO Computed Variable Values for SHAlT_SEAL_2

Run
ML

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
4-?
48
49
50
51
52

5,6433 xlo”~
4.3305XI0-2
4.0073 XIO”2
5.8422x 10-2
3.5889 x10-2
4.8739x IO”2
1.8565x 10-2
3.3804x10-2
8.2847 x10-2
4.8961 x10-2
6.0343 x10-2
5.5800x10-2
7.2964x10-2
6.0840x10-2
5.0585 x10-2
3.5074X1O-2
5.7146x10-2
8.2074x 10-2
6.3721 x10-2
1.6736x 10-2
4.7082 x10-2
4.6655x 10-2
5.O975X1O-2
6.8520x10-2
5. I999X1O-2
4.]033x I0-Z
6.1762x10-2
3.7132x10-2
6.9933 x10-2
4.7777x 10“2
2.2998 x10-2
4.5772 x10-2
5.3975 XIO”2
6.6056 x10-2
2.5859x10-2
2.7519 x10-2
4.9770X 10-2
4.2030x 10-2
3.8123 x10-2
6.2212x10”2
6.2879x10-2
5.5614 xIO”2
3.3383 x10-2
7.4798 x10-2
6.5132 x10-2
4.5591 XI0-2
7.6297 x10-2
9.0000xlo-~
7.8712x 10-Z
2.2704 x10-2
2.8140x10-2
4.2389x 10-2

5.51 IOXIO”20
1.7740X 10”20
1.3420x 10-20
6.5440x 10-20
9.351 OX1O”21
2.8360x10-20
2.0950x 10-21
7.8100x 10-21
5.3920x10 -19
2.8910x10-20
7.7240x 10-20
5.2180x10-20
2.2970x 10-19
8.0630x 10-20
3.3260x10-20
8.7150x10 -21
5.8610x10-20
5.O44OX1O-I9
I.O34OX1O-I9
1.7890x 10-2]
2.4580x 10-20
2.3690x10-20
3.4400X 10-20
1.5650x 10-19
3.7580x 10-20
1.4580x t 0-20
8.7310x10-20
I.O41OXIO2O
I .7680x 10-19
2.6100x10-20
3.0720x 10-21
2.1950x10-20
4.4570X I0-20
1.2650x 10-19
3.933 OX1O-2’
4,5390X I0-21
3. IOOOX1O-2O
1.5890x 10-20
I. I34OX1O”2O
9.0770X 10-20
9.6150x 10”20
5.135 OX1O-2O
7.5310x lo-21
2.6910x 10-19
I. I68OX1O-19
2.1610x10-20
3.0630X 10-19
1.0000XIO-18
3.773 OX1O-I9
2.9950x 10-21
4.7890x 10-2]
1.6390x 10-20

1.8102x10-9
2.4347x10-9
2.65 12x10-9
1.7400XI0-$’
2.9895x10-9
2.1354x 10-9
6.0125x10-9
3.1893x10-9
1.1533X10-9
2. 1246x10-9
1.6767x10-9
1.8336x10-9
1.3434x10-9
I.661OXIO”9
2.0484x 10-9
3.0648x10-9
1.7845x10-9
1.1666XIO”9
1.5746x10-9
6.6967x10-9
2.2194x10-9
2.2420x 10”9
2.0308x10-9
I .4468x10-9
1.9859x10-9
2.5834xt0-9
1.6324x10-9
2.8811x10-9
I .4125x10-9
2.1834x10-9
4.8054x10-9
2.2901x10-9
1.9040XIO-9
I.5101X1O-9
4.2460x 10-9
3.9748x10-9
2.0860x10-9
2.5162xIO”9
2.7997x 10-9
1.6188XIO”9
1.5990X10“9
1.8405x10-9
3.2327x10-9
1.3044XIO”9
1.5350XI0-9
2.3001X10-9
1.2738x10-9
1.W18X10-9
1.2271x10-9
4.8708xIO”9
3.8816x10-9
2.4928x10-9

7.0000XIO”I
7.0000XIO-I
7.0000XIO-I
7.OOOOX1O-1
7.0000XIO-1
7.0000X IO-1
7.OOOOX1O-I
7M)OOX1O”I
7.OOOOX1O-1
7.OOOOX1O-I
7.0000XIO”I
7.0000 XIO-I
7,0000xlo-1
7.OOOOX1O-I
7.OOOOX1O-I
7,OOOOX1O-I
7.OOOOX1O-I
7.0000XIO-I
7.0000XIO-I
7.0000XIO”l
7.00430XI0-1
7.OOOOX1O-1
7.0000XIO-I
7.rwooxlo”l
7.OOOOX1O-I
7.00CQXIO-1
7.oOooxlo-l
7.0000XIO-I
7.00430XI0-I
7.OOOOX1O-I
7.0000XIO-I
7.0000X IO-I
7.0000XIO-1
7.0000X IO-I
7.0000X IO-I
7.0000XIO-I
7.OOOOX1O-I
7.0000XIO-1
7.0000XIO-I
70000XIO”I
7.0000X IO-1
7.0000X IO-1
7.0000XIO”I
7.0000X IO-I
7,OOOOX1O-I
7.0000X IO-1
7.00WX)O-I
7.0000X IO-1
7.0000x lo-l
7.0000XIO”l
7.0000X IO-I
7.OOOOX1O-1

2.OOOOX1O”1
2.COOOX1O’1
2.0000XIO”I
2.000oxlo”l
2.0000XIO”l
2OOOOX1O”1
2.OOOOX1OI
2.OOWXIO”I
2.OOOOX1O”1
2.0000XIO” I
2.0000XIO”I
2.MJOOXIOI
2.0000X IO”l
2.OOOOX1O”1
2.CD OOXIO”l
2.OOOOXIO”I
2,0000xlo-1
2.0000X IO”l
2.0@30xlo-l
2.0000X 10-1
2.0000X IO-1
2.OOOOX1O”I
2,00rwx lo-1
2.0000X IO-I
2.00WXIO-I
2.OWH3X1OI
2.OOOOX1O-I
2.OOCX)X1O”I
2.00-OOXIO”l
2.0000XIO-I
2.0000XIO-1
2.0000X IO-1
2.OOOOX1O”I
2.0000XIO”I
2.0000 XIO-I
2.OOOOX1O-I
2.OOOOX1O-1
2.0000XIOI
2.0000X IO-1
2.OOOOX1O”1
2.0000XIO-1
2.0000X IO-I
2.OOOOX1O”1
2.0000X IO-1
2.0000XIOI
2JXXMXI0-I
2.0000XIO-I
2.CO OOXIO”l
2.ooCsoxlo-l
2.0000X IO-1
2.OOOOX1O-I
2.OOOOX1O-I

EuissKrEKELGBcecI

0.000il
O.0000
0.0000
0.0000
0.0000
O.oouo
O.0000
0.0000
0.0000
0.0000
0.0000
0.ooOO
0.0000
0.0000
0.0000
0.0000
O.CQOO
O.0000
0.0000
0.0000
0.0000
0.000a
O.0000
0.0000
O.OQOO
O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.00CQ
O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
O.cooo
O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
O.OQOO
O.OQOO
O.0000
0.0000
0.0000

I .Oooo 2.5806x 106
1.0000 3.8199x106
1.0000 4.2071x I06
1.0000 2.4317x106
1.0000 4.7673x106
1.0000 3.2475x 106
1.OoQo 7.9994X106
1.0000 5.0738x 106
1.0000 1.1722x 106
1.0000 3.2260x 106
1.0000 2.2961x 106
1.OcK)o 2.6299x106
1.0000 1.5748x 106
1.OoCQ 2.2623x106
1.0000 3.O733X1O6
1.0000 4.8849x 106
1.0000 2.5262x106
1.0000 I .1996x106
1.0000 2.0757x 106
1.0000 8.4486X106
1.0000 3.4123x 106
1.0000 3.4561x 106
1.OoCo 3.0377XI06
1.0000 1.7984x 106
1.0000 2.9461x 106
1.0000 4.0882x 106
1.0000 2.2008x 106
1.0000 4.5936x106
1.0000 1.7241x 106
1.0000 3.3422x 106
1.OoCo 7.OO71X1O6
1.0000 3.5486x 106
1.0000 2.7773x 106
1.0000 1.9358x106
1.0000 6.4330x 106
1.0000 6.1218x106
1.0000 3. I49OX1O6
1s3000 3.9683x 106
1.0000 4.4596x 106
1.0000 2.1714x 106
1.0000 2.1286x106
I .OQoo 2.6445x106
1.0000 5.1380x 106
1.0000 1.4909X106
1.CQoo 1.9900X106
1.0000 3.5678x 106
1.O#o 1.4256x 106
1.0000 9.4665x 105
1.0000 1.3263x 106
1.0000 7.0689x 106
1.0000 6.0093x 106
1J3000 3.9259x 106
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Computed Variable Values for SHAlT_SEAL_2 (Concluded)

Run
k

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

b2sitY

5.8188 x10-2
6.7354x 10-2
3.9083 x10-2
6.6469x10-2
5.3429 x10-2
5.4958x 10-2
5.2762x 10-2
2.9620x10-2
4.0430X 10-2
4.4 I73X1O-2
5.9404 X1O-2
3.2463 xIO”2
7.1865 x10-2
4.5003 XI0-2
3.1590XI0-2
I. OOOOX1O-2
5.1572x10-2
3.79 I7X1O-2

6.4 130x 10-20
I.415OX1O-19
1.2320x 10-20
1.3 IIOX1O-I9
4.2520x10-20
4.8520x 10-20
4.0140x10-20
5.4420x 10-21
1.3840x 10-20
1.9120X10-20
7. 1230x 10-20
6.9560x 10-21
2.0890x 10-19
2.0540x 10-20
6.4510x 10-21
1.OOOOX1O-21
3.6220x 10-20
1.114OX1O-2O

1.7480x10-9
1.4762x10-9
2.7248x10-9
1.4991x10-9
1.9260x10-9
1.8655x10”9
1.9535x10-’$
3.6751xlo-9
2.6256x10-9
2.3820x10-9
I .7071x10-9
3.3314XI0-9
1.3678x10-9
2.3335x10-9
3.4304X1O-9
1.1376x10-8
2.O4I44X1O-9
2.8162x10-9

7.0000XIO-1
7.OOOOX1O-1
7.ONX3X1O-I
7.0000XIO-I
7.0000XIO-1
7.0000X IO-I
7.0000XIO’I
7.OQOOX1O-I
7.COOOXIO-1
7.0000XIO-1
7.OOOOX1O-1
7.0000XIO-I
7.0000XIO-1
7.0000XIO”I
7.mxlo” I
7.000oxlo-l
7.0000XIO”I
7.0000XIO-1

13CBRSAT

2.0000XIO”l
2.OOWX1O-1
2.OOOOX1O-I
2.oo@xlo-l
2.0000XIO-1
2.0000XIO-1
2.0000XIO-1
2,0COOXI0-1
2.0000XIO-1
2.00(M)XIO”l
2.0000XIO-1
2.OOOOX1O-I
2.0000XIO”l
2.OOOOX1O-I
2.mlo-l
2.OOOOX1O-1
2.OOOOX1O-I
2.0000XIO-1

EKQSSAXFKELGJ3CFH

O.0000 1.CQoo 2.4488x 106
0.000Q 1.0000 1.8622x 106
0.0000 1.0000 4.3335X106
o.ooOO 1.0000 1.9120x 106
O.oow 1.0000 2.8229x 106
O.0000 1.CoCo 2.6969x 106
0.0000 1.0000 2.8797x106
0.0000 1.0000 5.7493X106
0.0000 1.0000 4.1625x106
O.0000 1.0000 3.7221x 106
O.0000 1.O(x)o 2.3614x 106
0.0000 1.0000 5.2812x 106
0.0000 1.0000 1.6274x 106
0.00(KI 1.0000 3.6310x 106
O.0000 1.0000 5.4207x 106
O.0000 1.0000 1.0332x 107
O.OCOO 1.0000 2.9840x 106
O.0000 1.0000 4.4871x 106
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for SHAFT_SEAL_2

N4z

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

E!QrQmt

46.
25.
20.
49.
15.
33.

3.
13.
69.
34.
51.
45.
64.
52.
36.
14.
47.
68.
56.

2.
31.
30.
37.
61.
39.
22.
53.
16,
62.
32.

5.
29,
42.
58.

6.
7.

35.
23.
18.
54.
55.
44.
12.
65.
57.
28.
66.
70.
67.

4.
8.

24.

46.
25.
20.
49.
15.
33.

3.
13.
69.
34.
51.
45.
64.
52.
36.
14.
47.
68.
56.

2.
31.
30.
37.
61.
39.
22.
53.
16.
62.
32.

5.
29.
42.
58.

6.
7,

35.
23.
18.
54.
55.
44.
12.
65.
57.
28.
66.
70.
67.

4.
8.

24.

25.
46.
51.
22.
56.
38.
68.
58.

2.
37.
20.
26.

7.
19.
35.
57.
24.

3.
15.
69.
40,
41.
34.
10.
32.
49.
18.
55.

9.
39.
66.
42.
29,
13.
65.
64.
36.
48.
53.
17.
16.
27.
59.

6.
14.
43.

5.
1.
4.

67.
63.
47.

.!3!3xE

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

JKB SKIR

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

BCGSS-AI

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
I.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

13c13G

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

BCPCT

25.
46,
51.
22.
56.
38.
68.
58.

2.
37.
20.
26.

7.
19.
35.
57.
24.

3.
15.
69.
40.
41.
34.
10.
32.
49.
18.
55.

9.

:::
42.
29.
13.
65.
64.
36.
48.
53.
17.
16.
27.
59.

6.
14.
43.

5.
1.
4.

67.
63.
47.
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for SH~-SE~-z (Concluded)

Run
ML

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

J?QIQw

48.
60.
19.
59.
41.
43.
40,

9.
21.
26.
50.
11.
63.
27.
10.

1.
38.
17.

Permealu-uy
.,.

48.
60.
19.
59.
41.
43.
40.

9.
21.
26.
50.
II.
63.
27.
10.

1.
38.
Il.

23.
11.
52.
12.
30.
28.
31.
62.
50.
45.
21.
60.

8.
44.
61.
70.
33.
54.

B!QExE!

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

EKBRSAIBWSS41

1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

E!cEcL-

23.
11.
52.
12.
30.
28.
31.
62.
50.
45.
21.
60.

8.
44.
61.
70.
33.
54.
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Computed Variable Values for TRANSITION.ZONE

Run
k

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

2.8660x10-2
6.9900x 10-3
2.8970x10-2
5.6130x10-3
2.0560x10-2
1.3750X10-2
2.5930x 10-2
3.1850x10-3
2.7270x10-2
9.6770x10-3
2.5730x10-3
9.8270x10-3
1.6610XI0-2
1.9600x10”2
1.1590X10-3
5.8700x 10-3
2.3950x 10-2
6.1370x10-3
6.2550x IO”3
1.7070X10-2
2.3500x10-2
2.6030x 10-2
2.9920x 10-2
1.4710XI0-2
2.4720x 10-2
1.8820x10-2
2.2740x10”3
2.8830x 10-3
1.2680x10-2
8.7910x10-3
1.7650xIO”2
2.0930x 10-2
6,6640XIO”3
9. I030XI0-3
2.4230x 10-3
2.7120x 10-2
5.0960x 10-3
1.8940x10-3
1.0090x I 0-2
2.2760x 10-2
1.8020xIO”2
2.1990x 10-2
5.1790XI0-3
3.9010XI0-3
9.3870x10-3
2.8280x 10-2
6.5700x10-3
2.2390x 10-2
I .6820x10-3
1.2890x10-2
7.8440x 10-3
4,7130XIO”3

F’ermeW
. .

I.4125x10-]8
1.6982x10-20
9.1201x10-19
5.01 19X1O-2O
1.1482x10-20
1.5136x10-20
1.7783x10-20
I .8197x10-19
1.2303x10-20
5.2481x10-18
1.3183x10”20
2.2387x 10-19
4.8978x10-20
1.OWOX1O-2O
2.0893x 10-20
5.1286x 10-19
5.7544x 10-20
6.6069x10-20
4.5709X1O-2O
4.4668x10-20
1.1481x10-19
7.4131XIO”20
3.5481x10-20
6.166OX1O-2O
3.2359x10-20
2.3988x 10-20
2.1878x10-20
1.9499x 10“2’J
3.O9O3X1O-2O
7,413 IX1O-2O
3.2359x10-21
I.O471X1O-2O
4.6774x10-19
1.2303x10-20
2.8184x10-20
I.9953X1O-2O
2.5704x 10-20
1.5136x10-19
5.6234x10-20
2.0893x10-19
3.9811x10-19
2.3442x10-21
2.6915x10-19
5.3703X10-20
9.7724x 10-20
1.6596x10-20
9.1201x10-20
1.4125x 10-20
6.9183x10-19
2.4547x 10-20
4.0738x10-17
8.7097x 10-20

3.8066x 10-9
1.6383x10-8
3.7632x10-9
2.0463x10-8
5.4048x 10-9
8.2055x10-9
4.2337x10-9
3.6253x10-8
4.0134XIO”9
1.I764X1O-X
4.4936x 10-8
1.1581x10-8
6.7496x10-9
5.6818x10-9
1.CO06X10-7
1.9556x10-8
4.6044XIO”9
1.8695x10-8
1,8337x10-8
6.5609x10-9
4.6974x 10-9
4.2 165x10-9
3.6358x10-9
7.6537x10-9
4.4532x10-9
5.9276x 10-9
5.0877x10-8
4.0077XI0-8
8.9190x 10-9
1.2975x10-8
6.3371x10-9
5.3048x10-9
1.7196x10-8
1.2522x10-8
4.7733X1O-8
4.0370X10-9
2.2564x10-8
6.1135x10-8
I.1273x10”8
4.8582x10-9
6.2019x10-9
5.0371XIO”9
2.2199x10-8
2.9553xIO”8
1.2135x10-8
3.861 lxlo-9
1.7446x10-8
4,9426x 10-9
6.8872x10-8
8.7696x 10-9
1.4572x10-8
2.4418x10-8

KEx!?

9.6790
4.9660x 10-1
6.7900x10-1
5.1820
4.O71OX1O”I
6.1420
1.0990
6.4480
4.2610x10-]
1.5170
5.1250x10-1
7.4960
2.2490
3.0620x 10-1
4.4620x 10-1
5.359OX1O-1
5.9190
5.8730x10-1
2.0050
6.7090x10-1
2.2590x10-]
1.4340
7.0990
4.3270x10-1
2.7610
5.2660
8.3330
7.9460
6.0410x10-]
2.0040XI0-1
3.3160x10-1
8.8800
5.2200x 10-’
8.6520
3.947 OX1O-1
2.7500x10-1
6.9780
2.9640
2.6060x10-1
2.4160x10-1
5.749OX1O-I
5.484OX1O”’
4.ci)oo
3.605 OX1O-1
3.2390x 10-1
4.6060x 10”1
3.4760
7.7080
3.753 OX1O-I
3.5390XI0-I
5.60043 XI0-I
3.2370

13CBRSAT

8.7890x10-2
1.4570X10-1
1.8490x10-1
1.7260x10-1
1.9880x10-1
3.3170xlo”l
3.543OX1O-2
3.8660x 10-1
3.4080x10-1
7.9000XI0-2
2.7170x10-1
I.4IOOX1O-I
3.6500x10-]
8.3660x IO”3
2.3100x IO-1
3.7890x10-1
1.I130XIO”I
2.9470x 10-1
1.1640XI0-I
1.2940x10-1
1.9770X10-2
2.1830x 10-]
2.3880x10-1
6.1270x10-2
3.O51OX1O-1
2.4700x 10-1
2.1280x10-1
3.4740XI 0-1
3.304OX1O-I
1.4050X10-2
2.1130x10-1
3.1430XI0-’
1,0530XI0-I
2.5150x 10-1
2.9070x10-1
3.7090XI0-’
2.2650x10-1
I .7810x101
I .6330x10-]
2.4340x 10-1
I.334OX1O-1
3.9640x 10-1
3.9070XI0-I
2.5980x 10-]
1.5830x10-1
6.5170x10-2
3.1780x10-l
4.55 IOX1O-2
5.01 IOXIO-2
1.8990x10-1
2.3180x10-2
1.504OX1O-’

BcmsAIrKELG

2.3300x10-1 0.0000
1.2590x10-I 1.0000
2.1660x10-1 I.(MOO
1.8900x10-1 1.0000
1.4590XI0-I 1.0000
4.7930X10-2 0.ooOo
1.6220x10-1 0.000Q
2.8520x 10-2 1.0000
1.8690x10-1 1.0000
3.4810x10-1 1.0000
2.0030x 10-] 0.0000
2.8620x10-I 1.0000
2.9370x10-1 1.0000
1.7360x10-1 1.0000
3.8350x 10-1 0.0000
2.1720x10-1 1.0000
3.8060x10-1 0.0000
8.6120x10-3 0.0000
1.6670x10-1 1.0000
3.2110x10-1 1.0000
2.2330x10-1 0.0000
1.8710x10-2 1.WOO
4.5230x10-2 1.0000
2.6430x 10-1 1.0000
9.9900XI0-2 1.0000
6.8060X10”2 1.cooo
7.573OX1O-2 1.0000
1.5270x10-1 0.0000
3.5780x10- I 1.0000
I.553OX1O-I O.0000
2.4050x 10-1 1.0000
3.755OX1O-I 1.0000
3.419OX1O-’ 1.0000
3.6280x 10-1 0.0000
1.339OX1O-1 l.m
3.6960x 10-1 1.0000
3.0790X10-2 1.0000
3.9620x10-1 I.OQOO
3.7240x 10-2 1.0000
1.11OOXIO-I I.0000
1.0650X10-1 1.0000
3.3500XI0-I O.0000
1.2040XI0-1 O.0000
5.735OX1O”2o.ooOo
9.419OX1O-2 1.0000
2.3880x IO”1 1.0000
2.6060x10-1 i .CX300
2.0750x 10-1 0.0000
6.9900x 10-2 1.0000
1.9850x10-1 l.COOO
1.1810xIO-2 1.0000
3.8860x10-1 0.0000

BcPn

8.4002x IOS
3.8780x 106
9.773OX1O5
2.6668x106
4.4405X106
4.0356x 106
3.8167x 106
1.7070X106
4.3356x106
5.3342x105
4.2332x106
I .5889x106
2.6881x106
4.6579x106
3.6097XI 06
1.1927x106
2.5423x106
2.4236x 106
2.7531x 106
2.7752x 106
2.0018x 106
2.3290x 106
3,OO53X1O6
2.4823x106
3.1026x 106
3.4412x 106
3.5526x 106
3.6970x 106
3.1525x 106
2.3290x 106
6.8822x 106
4.5842x 106
1.2313x106
4.3356x106
3.2545x 106
3.6677x 106
3.3599XI06
1.8193x106
2.5626x106
1.6273x106
1.3019X1O6
7.6943x 106
1.4908x106
2.6038x 106
2.1166x 106
3.909OX1O6
2.1678x 106
4.1332x106
1.O753X1O6
3.4 I39X1O’5
2.6250x10S
2.2027x 106
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Computed Variable Values for TRANSITION.ZONE (Concluded)

Run
I!kL

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

1.59OOX1O-2
1.4500X 10-2
2.0030x 10-2
I .1650x10-2
4.5630x 10-3
8.7110x IO-3
2.5160x10-2
8.2600x10-3
7.3840x10-3
1.2250x 10-2
4. IO9OX1O-3
3.7390XIO”3
7.4700X 10-3
3.533 OX1O-3
8.1910x IO-3
1.0760x 10-2
I.519OX1O”2
1.4890x 10-3

BcmsA1-BmisAIEKELG

7.7625 x10-19
1.4454x 10”20
1.0233 x10-17
1.C965x10-20
5.2481 x10-21
3.3884x 10-19
7.9433 XI0-20
9.5499x I0-20
4.1687x10-20
5.4954 X1O-19
9.5499x lo-17
2.6915x10-20
3.7 I53X1O-2O
3.981 lx10-20
1.3804 x10-19
6.7608x10-20
3.31 13XI0-2’3
1.3490X 10-21

7.0621 x10-9
7.7681 x10-9
5.5544 XI0-9
9.7296x10-9
2.5229x 10-8
I.3097X1OJ3
4.3709 XI0-9
1.3825 x10-8
1.5495x 10-8
9.2408x 10“9
2.8045 x10-8
3.0845 x10-8
1.5314 XI0-8
3.2658 x10-8
1.3944 XIOJ3
1.O555X1OJ3
7.4039 XI0-9
7.7831 x10-8

6.7410
4.7200x10-1
6.5030x10-1
4.8480
9.2110
6.4060x10-1
8.9580
9.8620
8.0490x10-1
2.8630x10-1
3.7540
2.4950
2.5410x10-1
6.9150x IO”]
5.5890
4.5200
4.3270
6.2770x10-]

2.8470x10-1
1.6590x 10”1
3.2450x 10-1
9.2770x10-2
5.1160x10-3
3.4880x10-1
8.5120x10-2
7.0380x10-2
2.7910x10-1
3.5990XIO”I
2.00 I0XIO-I
2.9320x10-2
2.64 IOX1O”1
1.2380x10-1
5.6350x10-2
3.0240x10-1
3.7150XI0-I
1.0130XIO”I

1.8060x 10-1 1.000J3
2.7290x10-1 0.0000
3.0330X 10”1 0.0000
5.2210 x10-2 0.00MI
2.7770x10- I 1.00CQ
3.2980x10-1 1.0000
3.1270x10-1 1.0000
8.1940x10-2 I.0000
1.389OX1O-I 1.OCOO
2.5120 x10-1 1.0000
2.8360x10-1 O.WOO
8.7020x10-2 1.0000
3.51 OOXIO-1 1.0000
3.1630 x10-1 0.0000
2.5370x10-1 0.00W
2.9970x 10-1 0.0000
4.8390x10-3 1.0000
1.1920 x10-1 1.0000

BCF’CT

1.0334X106
4.1 OO4XIO6
4.2338x10S
4.5118x 106
5.8219x 106
1.3766x 106
2.2740x 106
2.1336x 106
2.8423x 106
1.1645XI06
1.9548x 10s
3.3068x 106
2.9578x106
2.8879x 106
1.8782x 106
2.4044x 106
3.0780x 106
9.3 I55X106
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Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for TRANSITION.ZONE

NsL

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

Ei2csdY

68.
24.
69.
18.
54.
42.
63.

9.
66.
34.

7.
35.
47.
52.

1.
19.
60.
20.
21.
48.
59.
64.
70.
44.
61.
51.

5.
8.

40.
31.
49.
55.
23.
32.

6.
65.
16.
4.

36.
58.
50.
56.
17.
12.
33.
67.
22.
57.

3.
41.
27.
15.

66.
16.
65.
37.

8.
14.
17.
54.

9.
67.
11.
56.
36.

5.
20,
61.
40,
42.
35.
34.
51.
44.
30.
41.
28.
22.
21.
18.
27.
44.

3.
6.

60.
9.

26.
19.
24.
53.
39.
55.
59.

2.
57.
38.
50.
15.
48.
12.
63.
23.
69.
47.

3.
47.

2.
53.
17.
29.

8.
62.

5.
37.
64.
36.
24.
19.
70.
52.
11.
51.
50.
23.
12.
7.
1.

27.
10.
20.
66.
63.
31.
40.
22.
16.
48.
39.
65.

6.
55.
67.
35.
13.
21.
15.
54.
59.
38.
4.

49.
14.
68.
30.
44.
56.

69.
21.
34.
52.
15.
56.
37.
57.
16.
39.
22.
61.
41.

8.
18.
24.
55.
28.
40.
33.

2.
38.
60.
17.
43.
53.
64.
63.
29.

1.
10.
66.
23.
65.
14.
6.

59.
44.

5.
3.

27.
25.
48,
12.
9.

19.
46.
62.
13.
11.
26.
45.

Klu3sAl KGssAI

16.
26.
33.
31.
35.
59.

7.
68.
60.
14.
48.
25.
64.

2.
41.
67.
20.
52.
21.
23.

4.
39.
42.
11.
54.
44.
38.
61.
58.

3.
37.
55.
19.
45.
51.
65.
40.
32.
29.
43.
24.
70.
69.
46.
28.
12.
56.

8.
9.

34.
5.

27.

41.
23.
38.
34.
26.

9.
29.

5.
33.
61.
36.
51.
52.
31.
68.
39.
67.

2.
30.
57.
40.

4.
8.

47.
18.
12.
14.
27.
63.
28.
43.
66.
60.
64.
24.
65.

6.
70.

7.
20.
19.
59.
22.
11.
17.
42.
46.
37.
13.
35.

3.
69.

BCH .G

1.
24.
24.
24.
24.

1.

2::
24.
24.

1.
24.
24.
24.

1.
24.

1.
1.

24.
24.

1.
24.
24.
24.
24.
24.
24.

1.
24.

1.
24.
24.
24.

1.
24.
24.
24.
24.
24.
24.
24.

1.
1.
1.

24.
24.
24.

1.
24.
24.
24.

1.

Bcwr

5.
55.

6.
34.
63.
57.
54.
17.
61.

4.
60.
15.
35.
66.
51.
10.
31.
29.
36.
37.
20.
26.
41.
30.
43.
49.
50.
53.
44.
26.
68.
65.
11.
61.
45.
52.
47.
18.
32.
16.
12.
69.
14.
33.
21.
56.
23.
59.

8.
48.

2.
24.
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Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for TRANSITION.ZONE (Concluded)

Run
h

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

_

46.
43.
53.
38.
14.
30.
62.
29.
25.
39.
13.
Il.
26.
10.
28.
37.
45.

2.

64.
13.
68.

7.
4.

58.
46.
49.
33.
62.
70.
25.
31.
32.
52.
43.
29.

1.

25.
28.
18.
33.
57.
41.

9.
42.
46.
32.
58.
60.
45.
61.
43.
34.
26.
69.

KEx!?

58.
20.
32.
51.
68.
31.
67.
70.
36.

7.
47.
42.

4.
35.
54.
50.
49.
30.

BCBRSAIEQ2SSAI

50. 32.
30. 48.
57. 54.
17. 10.

1. 49.
62. 58.
15. 55.
13. 15.
49. 25.
63. 44.
36. 50.

6. 16.
47. 62.
22. 56.
10. 45.
53. 53.
66. 1.
18. 21.

BCFLG

24.
1.
1.
1.

24.
24,
24.
24.
24.
24.

1.
24.
24.

1.
1.

2::
24.

KIn

7.
58.

6;:
67.
13.
25.
22.
38.

9.
1.

46.
40.
39.
19.
28.
42.
70.
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Table B-2 1992 BRAGFLO Computed Variable Values for UPPER_SHAFI’

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

E!QmiLY

5.6433 XI0-2
4.3305X 10“2
4.0073XIOJ
5.8422x10”2
3.5889 x10-2
4.8739x 10-2
1.8565 x10-2
3.3804x10-2
8.2847 x10-2
4.8961 x10-2
6.0343 x10-2
5.5800x10-2
7.2964x 102
6.0840x 10-2
5.0585X 10“2
3.5074X 10“2
5.7146x10-2
8.2074x 10-2
6.3721 x10-2
1.6736x10-2
4.7082x10-2
4.6655 x10-2
5.0975 XIO”2
6.8520x10-2
5.1999XI0-2
4. IO33X1O-2
6.1762 x10-2
3.7 132x10-2
6.9933 x10-2
4,7777 xlo”2
2,2998 x10-2
4.5772 x10-2
5.3975x 10-2
6.6056x 10-2
2.5859 x10-2
2.7519 x10-2
4.9770X 10-2
4.2030x 10-2
3.8123 x10-2
6.2212 x10-2
6.2879 x10-2
5.5614 x10-2
3.3383 x10-2
7.4798 x10-2
6,5132 x10-2
4,5591 XI0-2
7.6297x 10-2
9J)OOOXIO”2
7.8712 x10-2
2.2704 x10-2
2.8140x 10-2
4.2389 x10-2

2.81 lox10”19
5.603 OX1O-I8
7.1940X I0-18
5.6960x 10-19
4.5850x 10-19
I.641OXIO-17
4.5900X I0-17
I .4360x 10-17
9.5250x 10-17
1.4640x IO”’6
1.9920x 10-18
3.9570X I0-18
2.2680x10 -’9
1.4270x 10-17
I .0660x 10-17
1.6750x 10-18
1.7580x IO”’8
1.6710x 10-’6
1.9530XI0-17
3.4450X I0-18
1.I130XI0-’8
I.7830x10-]7
8.0220x 10”17
8.1030 x10-18
6.1670x 10-18
2.2930x 10-18
9.1500X I0-18
I .0160x 10-18
7.3210x 10-]9
2.1720x 10-17
1.0000XIO-15
4.2740x 10-17
3.6810x 10-18
1.2150x IO”’7
3.0210x 10-’7
5.8240x 10-lg
8.0100x 10”19
1.1200XI0-16
3.8250 x10-19
4.8060x 10-]7
6.2130x 10-17
5.395 OX1O-I7
4.7020x 10-18
I.7210x10-’7
9.7080x 10“‘8
2.4720x 10-17
3.0790X I0-’7
6.8540x 10-’8
1.473OX1O-18
7.955 OX1O-I8
4.1850x 10-18
5.93 OOX1O-I6

1.8102x10-9
2.4347x 10-9
2.6512x 10-9
1.7400X10-9
2.9895x10-9
2.1354x10-9
6.0125x 10-9
3. 1893x10-9
1.1533XI0-9
2.1246xIO”9
I .6767x10-9
1.8336x10-9
I.3434X1O-9
I.661OX1O-9
2.0484x10-9
3.0648x10-9
1.7845x10“9
1.1666XI0-9
1.5746x10-9
6.6967x10-9
2.2194x10-9
2.2420x10-9
2.0308x 10-9
1.4468x10-9
1.9859x10-9
2.5834x 10-9
I .6324x10-9
2.8811x10-9
1.4125x10-9
2.1834x10-9
4.8054x 10-9
2.2901x10”9
1.9040X10-9
1.5101XIO”9
4.2460x10-9
3.9748x 10-9
2.0860x10-9
2.5162x10-9
2.7997x10-9
I,6I88X1O”9
1.5990X10-9
1.8405x10-9
3.2327x10-9
1.3044XI0-9
1.535OX1O”9
2.3001x10-9
1.2738xIO”9
I.0418x10”9
1.2271x10-9
4.8708X10-9
3.8816x 10-9
2.4928x 10-9

EKEx!?EKERsAT E!cfisM

7.OOOOX1O-1
7.OOOOX1O-1
7.Ooooxlo”l
7J3000XI0-I
7.OOOOX1O-I
7.000QXIO-’
7.OOO43X1O-1
7.OOOOXIO”I
7.OOOOX1O-1
7,0000X I0-I
7.OOOOX1O-1
7.OOOOX1O-J
7.OOOOX1O”1
7.OOOOX1O-I
7.0000X IO-I
7.0000x lo-l
7.IMOOX1O-I
7.00043XI0-I
7.CQOOXIO-I
7.0000XIO-I
7.OOOOX1O-I
7.0000XIO-I
7.0000X IO-1
7.OOOOX1O-I
7.OOOOXIO”I
7.OOOOXIO”I
7.0000XIO-I
7.WOOX1O-1
7.0000X IO-I
7.0000XIO-I
7.0000X IO-I
7.OOC-OXIO”I
7.OOOOXIO”I
7.0000X IO-J
7.0000X10”I
7,COOOX1O-I
7.OOOOX1O-I
7.OOOOX1O-I
7.OCOOX1O-1
7.0000X IO”I
7.0000XIOI
7.CO OOXIO-I
7,OOOOX1O-I
7.1Mooxlo-1
7.OOOOX1O”I
7.OO-OOX1O-I
7.0000XIO-I
7,OOOOX1O-I
7.OOOOX1O-1
7.000oxlo-l
7.WOOX1O-1
7,0000X I0-I

2.0000XIO-1
2.OOOOX1O-I
2.OOCQX1O-1
2.OOOOX1O-1
2OOOOX1O”1
2.OOOOX1O-1
2.OOOOX1O-I
20000XI0-1
2.0000XIO”l
2.OOOOX1O-1
2,0000X I0-1
2.OOOOX1O”1
2.0000X 10-1
2.0000X IO-’
2.OOOOX1O-1
2,0000XI0-1
2.OOOOX1O-I
2.OOQOX1O-1
2.0000X IO-I
2.(X)OOXIO-I
2.OOOOX1O-1
2.0000XIO-I
2.0000XIO-I
2.WOOXIO-I
2.OOOOX1O-I
2.OOOOXIO”I
2.0000X IO-I
2.OOOOX1O-1
2.0000X IO-1
2.OOOOX1O-I
2.0000X IO-1
2.0000X IO-’
2.0000XIO”I
2.0000XIO-I
2.OOOOX1O-I
2.0000X IO-’
2.Ooooxlo-~
2.OOOOX1O-’
2.00CK)XIO-I
2.0000X IO-’
2.OOOOX1O-1
2.OOOOX1O-I
2.OOOOX1O”I
2ftoooxlo-1
2.OOOOX1O-1
2.OOOOX1O-1
2.OOOOX1O-I
2.OOOOX1O-I
2OOOOX1O-I
2.OOJ3OX1O-1
2.OOOOX1O-I
2.OOOOX1O-I

O.0000
0.0000
0.024U3
O.0000
O.OM)O
O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.000a
O.0000
0.0000
0.ooOO
0.0000
0.0000
0.0000
0.0000
O.cooo
O.0000
0.0000
O.OQOO
O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.C4300
O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
O.OQOO
O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
Omoo

1.0000
1.0000
1.0000
1.0000
1.OQoo
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.OQoo
1.0000
1.0000
1.OoQo
1.OoM1
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
I .Oooo
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.00111
1.OQoo
1.0000
1.00J30
1.OoQo
1.0000
1.0000
1.0000
1.0000
I .Oooo
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.OcQo
1.0000
I .Oooo
1.0000

BcE!c.I

1.4685x 106
5.2148x 105
4.7827x 105
1.1502x 106
1.2398x1 06
3.5955X105
2.5188x 105
3.7654x 105
1.9566x105
1.6862x 105
7.4582x 105
5.8817x 105
I .5817x106
3.7736x 105
4.1743XI05
7.9192x105
7.7877x 105
1.6}08XI05
3.3854x 105
6.1705x105
9.1222x 105
3.4937XI05
2.0764x 105
4.5898x105
5.0446x 105
7.1038x I05
4.4009X Iof
9.4146x 105
1.0545X106
3.2631x 105
8.6734x104
2.5818x 105
6.0306x 105
3.9896x 105
2.9111x 105
5. I454X105
1.0222X106
1.8499x 105
1.3201x 106
2.4791x 105
2.2683x105
2.3819x105
5.5409XI05
3.5368x 105
4.3 II6x105
3.1203x 105
2.8920x IOS
4.8635x105
8.2792x 105
4.6192x 105
5.7687x 105
1.0392x 105
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TableB-2 1992BRAGFLO ComputedVariableValuesfor UPPER.SHAFT (Concluded)

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

5.8188x10-2
6.7354x10-2
3.9083x10-2
6.6469x10-2
5.3429x 10-2
5.4958x10-2
5.2762x10-2
2.9620x 10-2
4,O43OX1O-2
4.4173XIO”2
5.9404X10-2
3.2463x 10-2
7.1865x10-2
4.5003XI0-2
3.1590XIO”2
1.OOOOX1O”2
5.1572x10-2
3.7917X1O-2

$CBRMI BQssAl-KE!!3-

2.6650x 10-17
2.3110x10-]8
1.1210XI0-17
1.345OX1O-’8
1.8690x10-16
3.5380x10-]7
1.2070x10-19
2.3520x 10-17
9.2530x10 -17
5.173OX1O-18
2.7290x 10-16
3.8080x 10-17
1.3080x10-17
3.0810x IO-18
4.1580x 10-]6
2.8300x 10-18
6.6500x 10-17
2.6470x 10-18

1.7480x10-9
1.4762x10-9
2.7248x 10-9
1.4991XI0-9
1.9260x10-9
1.8655x10-9
1.9535X1O-9
3.6751x10-9
2.6256x10-9
2.3820x10-9
1.7071X1O-9
3.33 I4X1O-9
1.3678x10-9
2.3335x10-9
3.4304XI0-9
1.1376x10-8
20044x10-9
2.8162x10-9

7.0000XIO”l
7.0000XIO-1
7.0004)XI0-I
7.0000XIO-I
7.OQOOX1O”1
7.OOOOX1O-1
7.OOOOX1OI
7.OOOOX1O-I
7.0000XIO-1
7.0000XIO-1
7.OOOOX1O-I
7.OOOOX1O”1
7.OoOoxlo-l
7.Ooooxlo-l
7.OoOoxlo-l
7.0000XIO-1
7.0000XIO-I
7.0000XIO-I

2.0000XIO”I
2.0000XIO-I
2.OOOOX1O-I
2.OQOOX1O-I
2.OOOOX1O-I
2.OOOOX1O-I
2.0000 XIO-I
2.OOOOX1O-I
2.cMlooxlo-l
2.0000XIO”l
2.OOOOX1O-1
2.OOOOX1O-1
2.0000XIO-1
2.OOOOX1O-I
2.0000XIO-I
2.OOOOX1O-1
2.OOOOX1O”1
2.0000XIO-1

O.0000
0.0000
O.ocoo
O.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.CQoo
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1MOO

3.0402x 105
7.0846x 105
4.1023x IOS
8.5438x105
1.5496x105
2.7562x105
1.9675x106
3.1745XI05
1.9763x105
5.3608x 105
1.3594XI05
2.6870x 105
3.8890x 105
6.4136x 105
1.1750XI05
6.6050x 105
2.2156x 105
6.7595x105
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BWGFLO Ranks of Computed Variable Values for UPPER.SHMT

Run
m

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
2-I
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

Ei2r.@Y

46.
25.
20.
49.
15.
33.

3.
13.
69.
34.
51.
45.
64.
52.
36.
14.
47.
68.
56.

2.
31.
30.
37.
61.
39.
22.
53.
16.
62.
32.

5.
29.
42.
58.

6.
7.

35.
23.
18.
54.
55.
44.
12.
65.
57.
28.
66.
70.
67.

4.
8.

24.

3.
27.
31.
6.
5.

42.
55.
41.
62.
64.
15.
23.
2.

40.
36.
13.
14.
65.
45.
21.
10.
44,
60.
33.
29.
16.
34.

9.
7.

46.

2:
22.
38.
50.
28.

8.
63.

4.
56.
58.
57.
25.
43.
35.
48.
51.
30.
12.
32.
24.
69.

25.
46.
51.
22.
56.
38.
68.
58.

2.
37.
20.
26.

7.
19.
35.
57.
24.

3.
15.
69.
40.
41.
34.
10.
32.
49.
18.
55.

9.
39.
66.
42.
29.
13.
65.
64.
36.
48.
53.
I7.
16.
27.
59.

6.
14.
43.

5.
1.
4.

67.
63.
47.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

BCERS.MMXSSAI

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFZO Ranks of Computed Variable Values for UPPER_SHAFT (Concluded)

N&

53
54
55
56

;:
59
60
61
62
63
64
65
66
67
68
69
70

48.
60.
19.
59.
41.
43.
40.

9.
21.
26.
50.
Il.
63.
27.
10.

1.
38.
17.

49.
17.
37.
11.
66.
52.

1.
47.
61.
26.
67.
53.
39.
20.
68.
19.
59.
18.

BCBRSAIIKGSSAI BCFfG

23.
11.
52.
12.
30.
28.
31.
62.
50.
45.
21.
60.

8.
44.
61.
70.
33.
54.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1,
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.
1. 1.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

22.
54.
34.
60.

5.
19.
70.
24,
10.
45.

4.
18.
32.
51.

3.
52.
12.
53.
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